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DISSER- 


DISSERTATION  XII. 


OF  THE 

FORMS  OF  CRTSTALS, 

PARTICULARLY  THOSE  OF 

THE  SPATHACEOUS  KIND. 


— — — I 


§ i * Infinite  Variety  of  the  Forms  of  Cry  finis . 

CRYSTALS  are  bodies  which,  though 
deftitute  of  organic  ftru&ure,  yet  exter- 
nally refemble  geometrical  figures,  more 
or  lefs  regular.  If  we  attend  to  the  numerous 
collections  of  thefe,  we  fhall  be  ready  to  conclude 
that  nature  has  effeftually  eluded  our  refearch 
by  the  incite  variety  j for  frequently  bodies 
widely  differing  in  their  nature  and  properties 
refemble  one  another  in  figure ; and,  on  the  con- 
trary, thofe  which  are  exactly  alike  in  properties 

put  on  external  appearances  entirely  different  * 
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yet,  upon  a careful  examination  and  compari- 
fon  of  this  variety  of  figures,  we  fliall  find,  that 
a great  number  of  them,  though  their  furfaces 
differ  with  refpedl  to  their  angles  and  fides,  may 
be  derived  from,  and  referred  to  a very  fmall 
number  of  fimple  figures. 

Unlefs  thofe  figures,  which  are  not  improper- 
ly called  primitive,  be  thoroughly  invefligated, 
the  whole  doftrine  of  cryflallization  will  (till  con- 
tinue to  be,  as  it  has  been  heretofore,  a perfeft 
chaos ; and  thofe  who  undertake  the  defcription 
of  methodical  diflribution  of  cryflallized  bodies, 
will  inevitably  lofe  their  labour.  For  a feries 
of  years  1 have  confidered  this  intricate  fubject 
with  much  attention ; and  I hope  that  my  ef- 
forts have  not  been  altogether  void  of  fuccefs. 
I proceed  to  exhibit  fome  fpecimens  chiefly  from 
the  order  of  fpathaceous  cryflals,  and  fhall  then 
endeavour  to  explain  (as  far  as  can  be  done 
upon  a plane  furface)  how  the  fpathaceous  cry- 
flals, fuitably  agglutinated  together,  may  form 
the  great  variety  of  diflimilar  bodies  which  are 
to  be  found  among  cryflals. 

§ n.  Various  Figures  derived  from  the  fpathace- 
ous Form. 

The  calcareous  fpar,  as  is  well  known,  con- 
fids  of  a telfera,  or  oblique  parallelopiped  ; all 
whofe  planes  are  rhombi  of  fuch  a kind,  that 
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the  obtufe  angles  are  equal  to  ioij°,  and  the 
acute  to  78^°.  Let  us  now  fee  how,  by  a pro- 
per accumulation  of  fuch  fimilar  parallelograms, 
cryftals  of  the  mod  oppofite  forms  may  be  ge- 
nerated. 

(a)  Let  a c e g o,  %.  1.  tab.  1.  reprefent  a 
fpathaceous  nucleus,  through  whofe  oppofite 
angles,  d o,  the  axis  h o palfes  : let  us  fuppofe, 
that  contiguous  rhornbi  are  applied  to  this,  a- 
bove  and  below ; and  that  thefe  rhornbi  are  e- 
qual,  fimilar,  and  parallel  to  the  fubjacent  planes 
of  the  nucleus  ; thefe,  to  avoid  confufion  in  the 
figure,  we  fhall  only  reprefent  by  the  rhornbi 
m p,  m Qj.  and  m t,  which  will  be  fudicient  for 
thofe  who  are  fkilled  in  geometry  and  perfpec- 
tive. 

By  this  method  an  hexaedral  prifm  is  gene- 
rated, confiding  of  fix  equal  and  fimilar  paral- 
lelograms, and  terminating  at  both  ends  in  three 
rhornbi,  which  unite,  and  form  a folid  angle. 
This  form  of  crydallization  belongs  to  fome  of 
the  calcareous  tribe,  but  more  particularly  to 
fchoerls ; it  is  therefore  called  the  fchoerlaceous 
form. 

(b)  If  the  accumulation  of  the  planes  is  hop- 
ped when  the  fides  of  the  prifm  have  acquired  a 
rhomboidal  nature,  we  fhall  have  a doclecaedron 
included  by  rhornbi : this  is  the  ufual  form  of 
garnet  when  perfect. 

(c)  I he  gametic  form  is  eafily  changed  into 

A 2 another, 
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another,  viz.  into  that  in  which  the  hyacinth 
often  prefents  itfelf.  This  is  effe&ed  by  the  re- 
gular application  of  equal  and  fnpilar  rhombi  to 
each  of  the  folid  angles,  which  are  compofed  of 
four  planes  ; for  the  garnet  has  fix  fuch,  when 
complete  as  to  figure,  and  eight  with  three  Tides ; 
let  fig.  2.  be  confulted,  where  the  dotted  lines 
exprefs  the  genefis  of  the  prifm  more  intelligibly 
than  words  can  poffibly  do.  In  this  operation 
the  four  rhombi  are  changed  into  an  equal  num- 
ber of  oblong  hexagons  : l h a b into  l h h a 
b b,  &c.  &c.  &c. 

(d)  Sometimes  planes  are  applied,  fimilar  in- 
deed to  the  fundamental  planes,  but  decreafing 
according  to  a certain  law  : this  decreafe,  whe- 
ther owing,  as  is  molt  probable,  to  a deficiency 
of  matter,  or  to  fome  other  caufe,  inufi:  necef- 
farily  change  the  appearance  of  the  terminating 
planes,  and  occafionally  either  augment  or  di- 
minifh  their  number.  Let  us  now  return  tq 
fig.  i.  Suppofe  fimilar  planes,  but  continually 
decreafing,  (m  p,  m q,  m t),  applied  to  the  in- 
ternal nucleus,  thefe  will  ultimately  end  in  an 
apex  on  both  fides  ; fo  that,  inflead  of  a prifm, 
we  fhall  have  a double  pyramid,  one  tending 
upwards,  the  other  downwards : At  the  furface 
the  planes  which  meet  form  interfettions  or 
common  bafes,  whofe  angles  alternately  tend 
upwards  and  downwards,  as  is  fhewn  by  gfe 
a c b g : this  is  the  form  of  the  calcareous  cry- 
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ftals,  which  are  called  by  the  miners  pig-tooth 
Spars  (dentes  fuilli.) 

It  is  evident,  that  the.  axes  of  the  pyramids 
are  the  longer,  in  proportion  as  the  rhombi  de- 
crease more  ilowly,  and  the  contrary. 

If  the  decreafing  Series  is  flopped  before  the 
ultimate  Sides  of  the  accumulated  planes  vanifh, 
truncated  apices  will  be  generated  j of  which 
frequent  examples  occur. 

In  the  calcareous  pyramidal  cryflal  juft  de- 
scribed, if  the  dorfal  margins  a h,  b h,  or  f h, 
be  cautioufly  ftruck,  they  break  off  into  fpatha- 
ceous  teflerse ; but  this  is  not  the  cafe  with  the 
alternate  margins  c h,  eh,  and  g h,  which  it 
is  Scarce  poffible  to  bring  to  that  ftate  : the  rea-  1 
Son  is  evident ; in  the  former  cafe,  the  diredlion 
of  the  blow  is  parallel  to  the  accumulation  of 
the  planes  whereas,  in  the  latter,  it  meets  the 
intersection  of  two  planes.  This  property  alfo 
obtains  in  the  lower  pyramid,  with  this  diffe- 
rence, however,  which  neceffarily  refults  from 
the  very  ftrudture,  namely,  that  the  margin  a i 
mud  produce  a diredtly  oppofite  effedt  from  the 
margin  a h ; and  the  fame  is  true  of  the  reft, 
mutatis  mutandis, 

(e)  Frequently,  alfo,  the  fundamental  planes 
themfelves  are  imperfedt ; if,  in  this  cafe,  planes 
Similar  to  them  be  added,  forms  of  crvftals  muft 
be  generated  more  or  lefs  unlike  the  perfedt 
form.  Examples  of  this  are  very  numerous  5 
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but  in  this  place  it  will  be  fufficient  briefly  to 
explain  a few. 

Let  a b c d e f g,  *%.  jj.  reprefent  the  three 
rhombi  which  conflitute  the  apex  of  a perfect 
fchoerlaceous  cryftal ; let  us  now  fuppofe  the 
rhombus  a g truncated  in  the  diredftion  of  the 
line  a b ; c g along  c d ; and  e g along  e f. 
This  being  the  cafe,  the  regular  hexagonal  fi- 
gure of  the  prifin  aecdef  is  changed  to  an 
irregular  one,  a b b c d d e f f,  confiding  of 
nine  unequal  Tides,  whofe  apex  is  compofed  of 
three  irregular  pentagons,  a b b g f,  c d d c b, 
and  e f f g d.  1 have  now  in  my  poffeflion  cry- 
fhals  of  this  form,  both  calcareous  and  fchoerla- 
ceous : to  this  clafs  may  be  referred,  in  gene- 
ral, the  rough  turmalins,  particularly  thofe  of 
Tyrol  and  Ceylon,  of  which  we  fhall  fpeak  more 
exprefsly  (a)  hereafter. 

It  is  obvious  that  pentagonal  periphery  a b b 
g f approaches  more  nearly  to  triangular,  in 
proportion  as  the  diftance  between  a b and  b f 
grows  lefs ; the  fame  is  true  of  the  reft  : and, 
when  thefe  diftances  become  evanefcent,  a tria- 
gonal  prifm  is  formed,  terminated  by  three  tri- 
angles : if  the  cutting  line  a b,  c d,  e f,  ap- 
proach ftill  nearer  to  the  center  g,  and  equally, 
the  form  ftill  remains  the  fame. 

(f)  The  garnetic  figure  may  be  conceived  as 
that  of  an  hexaedral  prifm,  terminated  at  each 

end 
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end  by  three  rhombi,  meeting  at  the  apex  ; and. 
it  may  be  compofed  of  four  equal  fpathaceous 
tefferae  properly  adapted  : I have  already  men- 
tioned its  genefis  (b)  ; and  its  form  is  marked 
by  the  capital  letters  in  fig.  4*  If  now,  in  the 
place  of  complete  rhombi,  we  fuppofe  accumu- 
lated in  the  fame  manner  about  its  axis  others, 
whofe  three  external  angles  are  truncated,  or, 
which  is  the  fame  thing,  if  the  longitudinal  mar- 
gins of  the  prifm  be  cut  by  planes  parallel  to 
the  axis,  a dodecaedron  will  arife,  confiding  of 
pentagons,  which  are  indicated  in  fig.  4.  by  the 
fmall  letters.  Calcareous  cryftals  of  this  kind 
fometimes  occur,  but  they  are  generally  fo  low, 
that  e nearly  coincides  with  a,  c with  d,  &c.  j 
fo  that  the  pentagon  a b c d e becomes  almoft  of 
a triangular  figure,  which  is  the  figure  attri- 
buted to  them  by  fome  authors,  who  are  igno- 
rant of  their  true  nature.  Among  the  pyritacea 
we  may  fometimes  obferve  inftanoes  of  this  va- 
riety complete. 

Sometimes  all  the  margins  of  the  garnet  are 
truncated,  fo  that  the  number  of  including  fides 
increafes  to  twenty- four  oblong  hexagons  ; a 
change  which  may  eafily  be  derived  from  the 
pofitions  already  laid  down.  If  the  interfe&ion 
c d,  of  the  planes  e c and  c r,  falls  without  the 
plane  b g,  a figure  of  a very  different  kind  will 
be  generated. 
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(g)  The  hyacinthine  figure  (art.  c.)  alfo 
fornetimes  labours  under  defects  peculiar  to  it- 
felf.  I (hall  mention  one  very  remarkable  vari- 
ety which  is  met  with  in  Hartz  mines  (b) : there 
the  cryftals  fornetimes  appear  of  a cruciform  fi- 
gure (ab'cdefghiklm,  fig.  5.) ; the 
apex  is  at  c,  the  figure  a b c b c a is  all  in  the 
fame  inclined  plane ; and  that  is  the  cafe  with 
the  other  three  homologous  figures.  Now,  in 
order  to  inveftigate  the  primitive  form,  let  the 
rhombi  c n,  c o,  c p,  and  c Q_be  completed, 
there,  to  an  eye  placed  high  in  the  axis,  palling 
through  c,  will  appear  like  fquares  fituated  in 
the  fubjacent  plane,  and  we  fhall  have  the  rudi- 
ments of  this  hyacinthine  figure  : for  we  may 
alfo  conceive  the  granite  form  as  a quadrangu- 
lar prifm,  compofed  of  four  rhombi,  touching 
one  arfother  only  in  their  apices,  and  terminated 
at  each  end  in  four  rhombi,  meeting  at  the  a- 
pex.  This  form,  if  a little  protra&ed,  or,  what 
is  the  fame  thing,  encreafed,  by  applying  to  the 
apices  fimilar  and  equal  planes,  becomes  the  hy- 
acinthine form,  and  therefore  may  without  im- 
propriety be  denominated  the  rudiment  of  it. 

(h)  If  the  added  planes  be  fimilar  to  one  an- 
other, but  not  fimilar  to  the  fundamental  planes, 
prodigious  varieties  will  arife  from  hence ; but 

I 

(a)  F.  Ehrhart,  that  unwearied  obferver  of  nature, 
fent  me  fome  of  thefe  : they  are  filiceous,  not  calcareous, 
though  they  have  the  appearance  of  the  latter. 
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I think  it  unneceffary,  at  prefent,  to  multiply 
examples,  as  what  has  been  already  faid,  if  well 
underftood,  will  be  found  abundantly  fufficient 
to  fhew  how,  by  a plain  and  fimple  method, 
many  other  figures  may  be  reduced  to  the  pri- 
mitive forms. 

(i)  If  any  one  imagines  this  do&rine  to  be 
purely  geometrical  and  fpeculative,  let  him  care- 
fully examine  the  calcareous  cryftals,  the  loofe 
texture  of  which,  if  cautioufly  and  fkilfully  bro- 
ken, will  completely  fhew  the  internal  ftruc- 
ture  (r)  : as  to  the  harder  cryftals,  endowed 
with  the  forms  above  mentioned,  their  parts  co- 
here fo  ftrongly  that  they  can  fcarcely  be  bro- 
ken : the  fchoerls  exhibit  the  fpathaceous  tex- 
ture very  plainly  ; and  there  is  no  doubt,  but 
the  garnets  themfelves  are  compofed  of  lamel- 
lae, as  will  readily  appear  to  an  attentive  eye. 

(k)  Finally,  we  may  add  one  peculiar  obfer- 
vation  concerning  prifmatic  and  hexagonal  cal- 
careous cryftals,  truncated  perpendicularly  : fuch 
fometimes  occur,  and  they  cannot  derive  their 
origin,  in  the  manner  above  defcribed,  from  the 
fpathaceous  particles,  and  by  no  other  way  can 
hexagonal  prifms  be  generated  : what  then  is 
the  caufe  which  deftroys  their  apices  ? I con- 
fefs  this  to  be  a queftion  which  I am  wholly  un- 
able 

(<r)  My  pupil,  Dr  Gahn,  firft  obferved  the  central  nu- 
cleus in  pyramidal  calcareous  cryftals. 
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able  to  anfwer,  unlefs  we  may  affume  an  accu- 
mulation of  planes,  more  and  more  deficient 
around  the  axis.  We  may  from  hence  con- 
clude, that  fomething  unufual  occurs,  as  the 
truncated  extremity  is  opaque,  while  the  reft  of 
the  prifm  is  tranfparent ; but  the  upper  hexa- 
gonal feiftion  is  fmooth  and  polifhed. 

(l)  We  have  feen,  then,  prifms  of  three,  four, 
fix,  or  nine  fides,  occafionally  terminated  by  va- 
rious apices : we  have  feen  pyramidal,  dodecae- 
dral,  cruciform,  and  other  very  different  figures 
generated  from  the  fame  fpathaceous  form  : be- 
fides,  we  fhall  obferve,  that  thefe  almoft  all  oc- 
cur, though  the  nature  of  the  fubftance  remains 
the  fame ; and  from  thence  we  fhould  be  indu- 
ced to  put  but  little  confidence  in  figure.  If 
then  this  teft,  which  undoubtedly  is  the  moft 
remarkable,  fo  far  as  externals  reach,  is  of  fo 
little  ufe,  of  what  value  can  the  others  be  ? and 
with  what  fuccefs  can  we  hope  to  form  a fyftem 
of  mineralogy  upon  fuch  diftin&ions  ? Exter- 
nal criteria  fhould  certainly  not  be  negle&ed  ; 
but  he  who  trufts  implicitly  to  them  deceives 
himfelf : they  may,  to  an  experienced  obferver, 
yield  feme  afliftance,  but  can  never  ferve  to  de- 
termine his  affent. 


§ m.  St  rue  • 
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§ hi.  Structure  of  the  mojl  minute  Parts. 

As  fo  gfeat  a variety  of  forms  may  be  pro- 
duced by  the  fpathaceous  particles  accumulated 
in  different  ways,  it  is  probable  that  the  diffe- 
rences of  all  cryftals,  with  refpeft  to  externals, 
are  owing  to  varieties  in  their  mechanical  ele- 
ments. But  here  a queftion  may  properly  be 
ftarted, — whether  the  moil:  minute  molecules, 
and  as  it  were  the  ftamina,  are  naturally  poffef- 
fed  of  a determinate  angular  figure,  or  whe- 
ther they  firfl  acquire  it  during  cryflallization  ? 
In  anfwer  to  this  queftion,  I beg  leave  to  men- 
tion fome  circumftances  which  occurred  to  me 
in  the  courfe  of  obfervation. 

(a)  If  the  fmall  particles  which  feparate  from 
lime-water,  when  expofed  to  the  air,  be  infpec- 
ted  with  a microfcope,  they  will  be  found  fpa- 
thaceous. 

(b)  The  greater  fpathous  tefferae,  when  ac- 
curately examined,  are  frequently  found  with 
ftriae  running  diagonally,  (fuch  as  we  fhall  here- 
after find  appear  in  faline  cryftals),  which  dif- 
cover  their  internal  ftrufture. 

(c)  The  cubes  of  common  fait  not  only  ex- 
hibit diagonal  ftriae,  but  frequently,  upon  each 
fide,  they  (hew  fquares  parallel  to  the  external 
furface,  and  gradually  decreafing  inwards,  (fig. 
6.);  circumftances  which  fhew  the  veftiges  of 

their 
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their  internal  ftru&ure : for  every  cube  is  com- 
pofed  of  fix  quadrangular  hollow  pyramids, 
joined  by  their  apices  and  external  furface  ; 
each  of  thefe  pyramids  filled  up  others  fimilar, 
but  gradually  decreafing,  completes  the  form. 
By  a due  degree  of  evaporation,  it  is  no  difficult 
matter  to  obtain  thefe  pyramids  feparate  and  di- 
ftinfi:,  (as  in  fig.  7.),  or  fix  of  fuch,  either  hol- 
low, or  more  or  lefs  folid,  joined  together  round 
a center  : this  is  the  whole  courfe  of  the  opera- 
tion, from  beginning  to  end.  All  this  is  true 
of  the  falited  vegetable  alkali,  commonly  called 
fal  digeftivus  Sylvii ; of  the  cryftallized  Iuna 
cornea  (<Y)  ; of  the  galena,  or  fulphurated  lead, 
which  is  frequently  to  be  generated  at  Fahlun 
in  the  heaps,  roafted,  as  it  is  called  fub  dio  fri - 
gido  ; quadrangular  nitre  too,  which  is  of  the 
fpathous  form,  produces  a fimilar  congeries  of 
pyramids,  and  thefe  almoft  equally  diftinft  with 
the  preceding  cubic  cryftals.  A folution  of 
alum,  upon  evaporation,  does  generally  pro- 
duce folid  o&aedra  j but  fometimes  it  alfo  ex- 
hibits hollow  pyramids,  and  upon  fuch  of  them 
as  are  complete  the  junctures  are  very  diftin&Iy 
marked  by  confpicuous  lines. 

(d)  Sometimes,  too,  other  falts  indicate  the 
fame  conftrudlion  by  vifible  diagonals.  The 
Rochelle  fait  forms  an  hexagonal  prifm ; a fec- 
tion  of  which  is  ihewn  by  fig.  8. : when  this 

kind 
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kind  of  cryftal  is  complete,  the  manner  of  ar- 
rangement among  the  internal  particles  is  en- 
tirely unknown ; but,  when  the  cryftal  is  form- 
ed on  the  bottom  of  the  veffel,  the  lower  fide 
cannot  be  perfect,  (fig.  9.)  ; and  this  parallelo- 
gram exhibits  two  diagonals  diftinftly,  (fig.  10.) 
This  is  alfo  the  cafe  with  the  fait  extracted  from 
human  urine,  which  is  called  microcofmic  fait : 
befides,  we  fliould  obferve  of  the  vertical  tri- 
angles, that  they  are  alternately  tranfparent  and 
opaque  in  pairs ; which  plainly  points  out  a dif- 
ference in  the  fituation  of  their  elements.  I 
have  alfo  fome  cryftals  of  nitre  marked  with  di- 
agonals, a circumftance  which  in  others  is  ge- 
nerally concealed  by  the  clofe  connexion  of  the 
particles. 

(e)  If  we  examine  the  hollow  pyramid  of 
common  fait  farther,  we  ftiall  find  it  compofed 
of  four  triangles,  and  each  of  thefe  formed  of 
threads  parallel  to  the  bafe  ; which  threads,  up- 
on accurate  examination,  are  found  to  be  no- 
thing more  than  feries  of  fmall  cubes  : there- 
fore, although  the  above  circumftances  feem 
plainly  to  point  out  the  genefis  of  all  cryftals, 
from  the  union  and  cohefion  of  pyramids,  whofe 
fides,  being  different  in  form  and  magnitude, 
occafion  the  differences  of  forms ; it  yet  remains 
uncertain  whether  the  fame  internal  ftru&ure 
takes  place  in  thofe  whofe  minutenefs  renders 
tnem  totally  invifible,  and  whether  the  primary 

ftamina 
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flamina  poffefs  a determinate  figure,  or  are  com- 
pofed  by  the  union  of  many  fhapelefs  particles. 
We  have  long  known  that  the  (mailed  concre- 
tions which  are  vifible  by  the  microfcope,  pof- 
fefs a determined  figure  ; but  thefe  are  com- 
pounds : in  the  mean  time,  until  this  veil  is  in 
fome  meafure  at  lead  removed,  we  cannot  avoid 
comparing  the  procefs  of  cryftallization  with  the 
congelation  of  water. 

While  the  watery  particles  are  concreting 
they  exert  a double  tendency  ; by  one  of  which 
they  are  formed  into  fpiculse,  by  the  other  thefe 
fpicuke  are  ranged  in  fuch  a manner,  with  re- 
fpedl  to  one  another,  as  to  form  angles  of  6o° : 
from  hence  the  varieties  obferved  in  the  parti- 
cles of  fnow  may  be  eafily  explained.  The  moll 
fimple  figure  is  that  where  fix  equal  radii  di- 
verge from  a center,  in  the  angle  above  men- 
tioned, (fig.  ii.)(<?);  the  fame  angle  will  be 
preferved,  if  the  extremities  of  thefe  be  joined 
by  right  lines ; which  will  alfo  be  the  cafe,  if 
each  of  the  triangles,  thus  formed,  be  filled  with 
right  lines  parallel  to  the  bafe,  fig.  12.  I have 
' alfo  feen  hexagonal  figures  in  fnow  ; — but  this 
by  the  bye. 

Let  us  now  fuppofe  the  particles  which  are 
employed  in  cryftallization  endowed  with  a ten- 
dency to  form  fpiculae,  and  thefe  fpiculas  with 
a tendency  to  arrange  themfelves  at  equal  angles 

of 
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of  inclination,  and  we  fhall  have  both  the  tri- 
angles and  the  pyramids  compofed  of  them, 
even  although  the  primary  Itamina  had  not  a 
determined  figure  ; as  the  angles  of  inclination 
vary,  the  triangles  and  pyramids  will  alfo  vary ; 
and  hence  the  different  forms  of  cryftals  will  be 
produced,  which  may  to  a certain  degree  be 
inveftigated  geometrically,  the  angles  being 
given. 

We  have  hitherto  fuppofea  the  exillence  of  a 
double  tendency,  becaufe  the  effeft  feems  to  be 
twofold  ; but  both  thefe  effects  may  undoubted- 
ly be  owing  to  the  fame  caufe,  namely,  to  a 
mutual  attraction  between  the  particles,  which, 
according  to  various  fituations  and  peculiar 
figures  of  the  atoms,  at  one  time  arranges  them 
in  the  form  of  fpiculre,  again  connects  the  fpi- 
culas  already  formed  under  equal  angles  of  in- 
clination. 1 confider  the  mechanical  elements 
as  exifting  under  determinate  and  peculiar  fi- 
gures, as,  upon  any  other  fuppofition,  I find  it 
impoflible  to  aflign  a caufe  which  fhould  ar- 
range different  fubftances  under  different  angles, 
and  yet  preferve  thefe  angles  always  conftant  in 
the  fame  fubftance.  But  I do  not  wilh  to  ex- 
amine this  conje&ure  any  further,  though  it  ap- 
pears to  me  to  be  probable  ; becaufe  powdered 
refin,  which  mull  doubtlefs  confift  of  particles 
of  a great  variety  of  forms,  when  fprinkled  on 


an 
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an  ele&rophorus  is,  by  the  eleCtric  fluid,  form- 
ed into  liars  like  thofe  of  fnow  (/). 

§ iv.  In  how  many  different  Ways  Chryjlals  are 

generated. 

In  order  that  the  particles  may  be  arranged, 
by  the  power  of  attraction,  into  determinate 
fvmmetrical  forms,  it  is  neceflfary  that  they 
fhould  be  at  liberty,  and  very  eafily  moveable. 
The  belt  method  of  obtaining  this  end  is  to  im- 
merfe  them  in  fome  fluid  of  nearly  the  fame 
fpecific  gravity  with  theinfelves  (g)  : this  may 
be  done  in  three  different  ways  ; i.  by  water  j 
2.  by  a liquefying  heat ; 3.  by  a volatilizing 
heat.  Thefe  we  fhall.confider  in  order. 

(a)  The  molt  common  method  of  cryftalli- 
zing  is  by  means  of  water,  as  it  eafily  takes  up 
faline  matters,  and,  upon  being  fufficiently  dimi- 
nifhed  by  evaporation,  yields  them  again  in  a 
concrete  flate ; nay,  until  now,  it  has  been 
thought,  that  without  this  vehicle  no  cryflals 
could  be  obtained. 

But  it  is  not  only  when  actually  diffolved  in 
water  that  they  acquire  determinate  forms ; this, 
unlefs  I am  miflaken,  is  alfo  the  cafe  when  they 
are  only  fufEciently  attenuated  and  mixed  with 

it : 


(/)  Lichtenberg  firft  obferved  thefe  refinous  fhr?. 
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it : for  fubftances  not  foluble  in  water  will  yet. 
remain  fufpended  in  it,  if  by  fufficient  diyifion 
they  have  acquired  fo  great  a furface,  in  pro- 
portion to  their  mafs,  as  to  approach  the  fpeci- 
fic  gravity  of  the  fluid  : now  Rich  particles 
doubtlefs  pdifefs  attraction,  they  alfo  poffefs  the 
neceflary  degree  of  mobility  ; no  reafon  there- 
fore appears  why  they  may  not  form  cryflals. 
And  it  feems  highly  probable,  that  many  of  the 
earths  which  occur  in  the  mineral  kingdom 
fymmetrieal  and  of  a regular  form,  have  coa- 
lefced  in  this  way. 

A mechanical  mixture  and  a true  folutioii 
(hould  be  carefully  diftinguifhed,  although  they 
agree  in  weight.  In  the  former  cafe,  the  parti- 
cles, if  collected  and  laid  upon  the  bottom  of 
the  veflel,  will  remain  there,  unlefs  diffufed  by 
agitation.  A fubftance  which  is  foluble,  on  the 
contrary,  is  totally  and  fpontaneoufly  diftnbuted 
through  the  meiiltruum,  even  without  any  agi- 
tation, though  the  operation  is  certainly  accele- 
rated by  agitation* 

Cb)  Cry ftals  may  frequently  be  obtained  by 
fufion  and  flow  cooling : the  matter  of  heat,  in 
fufficient  quantity,  penetrating  folid  bodies  which 
are  not  organic,  foftens  and  liquifies  many  of 
them  ; for,  when  it  penetrates  and  loofens  the 
texture  of  the  mafs,  it  communicates  mobility 
to  each  of  them  ; fo  that  upon  flow  refrigera- 
tion they  are  in  a condition  to  obey  the  laws  of 

VOL.  II.  R 
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that  attraction  which  tends  to  arrange  them  in 
a regular  manner  : thus  fulphur,  when  melted 
and  cooled,  exhibits  Arias,  and,  at  the  fame 
time,  acquires  an  eleCtrical  property  : Bifmuth, 
zinc,  and  regulus  of  antimony,  acquire  a fort  of 
teflellated  appearance  ; nay,  the  lad  of  thefe, 
when  fet  to  cool  in  a conical  mold,  becomes 
■debated,  not  only  on  the  upper  furface  or  bafis 
of  the  mafs,  but  along  the  whole  axis.  Glafs, 
if  melted  and  flowly  cooled,  forms  beautiful  cry- 
ftals  ( h ).  I have  taken  the  fcoriae  from  furnaces 
where  iron  was  fufed,  by  the  addition  of  a cal- 
careous done,  and  have  fometimes  found  them 
of  a regular  prifmatic  figure.  When  crude  iron 
is  melted  with  lime,  I have  found  complete  oc- 
taedra  in  the  fcoriae. 

In  large  metallic  maffes,  fuch  efpecially  as  are 
difficult  of  fufion,  the  lower  particles  are  gene- 
rally fo  much  prefled  by  the  weight  of  the  fupe- 
rior,  that  they  (hew  no  figns  of  cryflallization, 
although  on  the  upper  furface  of  gold,  filver, 
iron,  and  others,  beautiful  cryftals  are  formed. 

It  will  perhaps  be  thought  extraordinary,  by 
thofe  who  have  not  well  weighed  the  matter, 
that  I fhould  refer  the  congelation  of  water  to 
an  operation  of  this  fort ; but  we  mud  confi- 
der,  that  it  is  by  means  of  the  matter  of  heat 
that  water  is  fluid  ( i ) ; and  that  when  this  mat- 
ter 

(A)  Keir,  Phil.  Tranf.  for  1776. 

(/)  Phlogifton,  the  matter  of  heat,  and  fire,  ought  to 

be 
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ter  is  diminifhed  to  a certain  degree,  it  cryftalll- 
zes  and  becomes  ice.  We  have  before  (§  nio 
e.)  compared  congelation  to  cryftallization  : in 
this  place  we  fhali  add  another  mark  of  refem- 
blance.  , 

Snow  or  ice,  put  into  hot  water,  by  its  folu- 
tion  abforbs  a quantity  of  heat  equal  to  720  of 
our  thermometer.  The  cryftallized  neutral  falts 
produce  the  fame  effedt,  that  is,  they  make  the 
water  colder,  although  the  falts  and  the  water 
had  been  kept  in  the  fame  place  for  many  days  1 
for  by  diffolving  they  acquire  a larger  furface, 
and,  by  that  means,  are  able  to  take  up  and  re- 
tain a portion  of  the  matter  of  heat ; which,  be- 
ing fixed,  lofes  its  power  of  heating,  and  confe- 
quently  the  thermometer  finks  when  put  into 
the  water.  Hence  it  follows,  on  the  other  hand, 
that  the  heat  fhould  be  increafed  during  cryftaL 
lizatioi\;  and  this  increment  is  eafily  obfervable 
when  a large  quantity  concretes  at  once  : I11 
concreting  the  furface  is  diminifhed  ; hence,  fo 
great  a quantity  of  the  matter  of  heat  cannot  be 
retained  : What  is  fuperfluous,  being  fet  at  li- 
berty, recovers  its  property  of  heating,  which  it 

B 2 accordingly 

be  carefully  diflinguifhed  : Fhlogifton,  combined  with 
pure  air  in  a certain  proportion,  conftitutes  the  matter  of 
heat : Fire  is  jhe  aftion  by  which  a proper  body  is  de- 
prived of  phlogifton,  by  means  of  pure  air,  with  fuch 
Vehemence  as  to  generate  not  only  heat,  but  flame. 
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accordingly  exerts,  and  that  in  proportion  to  its- 
quantity. 

(c)  Heat  not  only  liquefies  but  volatilizes 
certain  bodies.  The  material  caufe  of  heat  pe- 
netrates the  integrant  parts,  expands,  attenu- 
ates, and,  by  its  union  with  them,  renders  them 
lb  light,  that  they  mount  in  the  air.  Particles, 
after  undergoing,  this  procefs,  when  during 
cooling  they  are  fufficiently  at  liberty,  often 
obey  the  laws  of  attra&ion,  and  form  cry  flats- 
To  this  clafs  we  may  refer  thofe  which  are  con- 
denfed  from  the  vapours  of  regulus  of  antimo- 
ny, called  the  flores  argentini.  The  galena, 
which  is  frequently  interfperfed  among  the  cop- 
per ore,  at  Fahlun,  from  the  heaps  which  are 
there  roafted  without  heat,  fends  forth  a vapour 
which  condenfes  on  the  upper  ftrata,  forming 
hollow  pyramids,  which  form  the  bafes  of  the 
cubes  of  galena,  entirely  fimilar  to  thofe  which 
compofe  com-moft  fait. 

In  the  heaps  of  ore  of  arfenic  which  are  ex- 
pofed  to  the  fire  at  Loefa,  I have  collected  ex- 
tremely beautiful  white,  yellow,  and  red  cry- 
ftals, partly  tetraedral,  partly  odtaedral.  Some 
of  thefe  exhibit  hollow  pyramids,  whole  fides 
confift  of  threads  parallel  to  the  bafe,  precifely 
in  the  fame  manner  as  the  cryftals  formed  in 
the  humid  way,  (§  nr.  e.)  ; fo  that,  through 
the  whole  procefs  of  cryftallization,  a mecha- 
nifm  every  where  the  fame,  and  analogous  to 

cryftallization. 
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cryftallization,  feems  to  be  employed.  Nor  let 
any  one  imagine  that  thefe  are  to  be  confidered 
as  monftrous  productions,  which  throw  no  light 
upon  the  theory  of  cryftallization  ; for  thefe 
cryftals,  when  complete,  frequently  Ihew  the 
junctures  of  the  pyramids,  by  very  diftindt  lines  j 
and,  by  proper  addrefs,  we  may  be  able  to  fee 
the  procefs  through  its  various  Heps,  from  the 
iirffc  rudiments  to  the  completion  of  the  whole 
operation.  If  this  ftru&ure,  as  is  very  proba- 
ble, takes  place  in  all,  yet  it  will  not  contradict 
what  has  been  already  laid  concerning  the 
fpathous  form,  as  elements  of  the  fpathous  fi- 
gure, properly  applied,  may  readily  form  pyra- 
mids fit  for  this  purpofe. 

A prifin  of  any  kind  may  be  formed  by  the 
apices  of  proper  pyramids  meeting  together  in 
proper  number  round  the  fame  point ; and  the 
apex  may  alfo  be  formed  by  a fingle  pyramid, 
its  vertical  angle  being  turned  outward.  Thus 
a four-fided  prifm,  with  fimilar  apices,  may  a- 
rife  in  many  ways.  Thus  to  the  cube,  indica- 
ted by  the  letters  a e c d,  fig.  1 5.  let  there  be 
applied  on  each  fide  the  quadrangular  pyramids 
abe,  and  d c f ; and  we  fhall  have  the  prifm 
required.  In  this  way  common  fait  fometimes, 
though  very  feldom,  acquires  an  apex  ( k ).  Let 
us  fuppofe  applied  io  one  or  both  apices  of  the 

B 3 o&aedron 


(k)  Capeler,  Prod,  C ryjla II ographiae,  t.  iii.  fig.  2. 
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oetaedron  a c b d,  fig.  i6.  a hollow  pyramid 
a d b,  but  fimilar  and  equal  to  the  fundamental 
figure  ; and  the  fame  figure  will  be  produced  : 
however,  I mud  confefs,  that  I have  never  feen 
alum  prifmatic,  though  often  confiding  of  oftae- 
dra  imperfectly  joined,  fig.  17.  A four-fided 
pyramid  may  be  compofed  of  four  tetraedra,  and 
confequently  a cube  of  24  ; and  it  has  alfo  a 
double  apex  of  32.  Thus  we  have  a new  con- 
drudtion,  which  undoubtedly  fometimes  takes 
place;  for,  as  I have  already  faid,  arfenical  cry- 
dais  take  fometimes  the  tetraedral,  fometimes 
the  octaedral  form,  which  may  therefore  eafily 
be  mutually  changed. 

It  is  with  lefs  facility  that  hexagonal  prifms 
are  formed  of  fuch  pyramids  as  have  the  fame 
number  of  fides,  unlefs  tetraedral  be  admitted. 

- , . i ] 

In  fig.  18.  four  hexagonal  pyramids  and  fix  te- 
tragonal meet  ; the  fil'd  are  eafily  refolved  into 
fix,  and  the  latter  into  four  tetraedra,  (fig  1 9.) ; 
forty-eight  of  which  confequently  make  up  the 
whole  mafs,  fuppofing  this  to  be  the  method  fol- 
lowed by  nature.  1 have  no  doubt  that  this 
condruftion  is  probable,  on  many  accounts ; 
for  it  requires  only  the  mod  fimple  elements, 
and  fuch  as  are  conformable  to  the  figures  of  all 
crydals.  That  tetraedra,  adapted  to  this  pur- 
pofe,  have  fometimes  diflimilar  and  unequal 
fides,  makes  not  againd  the  fuppofition  : but 
what  is  mod  to  the  purpofe,  is,  that  fometimes 

fuch 
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fuch  tetraedra  are  employed  without  the  fmall- 
eft  doubt.  All  thefe  circumftances  are  of  no 
fmall  weight ; but  fo  long  as  no  traces  of  te- 
traedra are  to  be  found  among  the  pyramids  of 
common  fait,  the  laws  of  found  reafoning  for- 
bid us  to  draw  any  general  conclufion  : it  is 
better  to  purfue  aCtual  obfervations  than  fictions, 
however  ingenious : better  cautioufly  to  exa- 
mine the  myfteries  of  nature,  than  haflily  and 
prefumptuoufly  to  decide,  I am  perfectly  cer- 
tain, that  nature  does  frequently  employ-  pyra- 
mids in  this  operation  : it  remains  for  future 
experiments  to  determine  whether  this  be  al- 
ways the  cafe,  &c.  1 have  been  intent  upon 

the  mechanifm  of  the  concretion  during  a very 
. afliduous  examination  of  falts.  I have  related 
the  principal  phaenomena  which  appeared,  and, 
at  the  fame  time,  have  interfperfed  various  ob- 
fervations, wifhing  that  more  fagacious  obfer- 
vers  may  hereafter  completely  difcover  the  fy- 
ftem  of  corpufcular  attraction,  which  is  particu- 
larly obvious,  and  as  it  were  palpable,  in  crys- 
tallization. 

$ v.  Whether  CryJiallization  necejfarily  mplies  the 
Prefence  of  a Salt. 

i ■ i .. 

Some  of  the  moderns,  confidering  that  many 
falts  affect  an  angular  form,  and  frequently  one 
of  a conftant  and  permanent  kind,  fuppofed  this 

B 4 property 
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property  to  belong  exclusively  to  Salts  ; and, 
when  they  met  with  any  bodies  Similarly  figured, 
they  attributed  this  figure  to  a fait  which  they 
fuppofed  concealed  in  that  body.  What  judg- 
ment we  are  to  form  of  this  opinion,  will  appear 
from  the  following  considerations. 

(a)  As  cryftallization  is  the  effedl  of  attrac- 
tion ; and  as  all  other  matters,  as  well  as  Salts, 
are  Subject  to  the  laws  of  that  attra&ion,  we  are 
not  authorifed  to  confider  the  regular  and  Sym- 
metrical figure  as  peculiar  to  Saline  bodies,  al- 
though the  affumption  of  fuch  figure  be  more 
readily  and  frequently  exercifed  by  them,  as  be- 
ing Soluble  in  water.  But  cryftals  are  produced 
by  fuch  other  methods  as  can  Sufficiently  divide 
and  difengage  the  integrant  parts,  (§  iv.  b. 
and  c.) 

(b)  Upon  examining  Salts,  it  will  plainly  ap- 
pear, that  thofe  which  are  mod  Simple,  and  pof- 
fefs  the  Saline  properties  in  the  moft  eminent 
degree,  coalefce  with  the  greateft  difficulty.  The 
truth  of  this  affertion  is  evinced  by  the  mineral 
acids  and  the  cauftic  alkali,  which,  when  pure, 
and  freed  as  much  as  poffible  from  every  hete- 
rogeneous matter,  it  is  Scarce  pofTible  to  reduce 
to  the  form  of  cryftals. 

(c)  The  Similarity  of  forms  in  cryftals  does 
not  depend  upon  the  acid  ; for,  to  pafs  over 
many  other  examples,  the  prifmatic  and  qua- 
drangular nitre,  which  are  formed  by  the  fame 

. acid. 
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acid,  yet  conftantly  differ  in  figure : — Neither  is 
the  bale  fufficient  ; for  the  vegetable  alkali,  as 
well  as  the  mineral,  faturated  with  marine  acid, 
generates  cubic  cryftals.  The  external  appear- 
ance, therefore,  depends  upon  the  menflruum 
and  the  bafe  jointly.  We  are  not,  however, 
from  thence  to  conclude,  that  there  is  prefent  a 
neutral  or  middle  fait,  whenever  the  figure  of 
fuch  a one  is  difcoverable.  Not  the  fmalleft 
particle  of  alum  is  found  in  lead  or  nickel  uni- 
ted with  nitrous  acid,  although  both  thefe  com- 
pounds yield  o&aedral  cryftals. 

(d)  A great  variety  is  obferved  in  cryftals, 
though  the  matter  remains  the  fame  : I have  al- 
ready fhewn  this  to  be  the  cafe  with  calcareous 
cryftals,  (§  11.).  In  the  family  of  the  pyrites, 
cubes  are  fometimes  found  ftriated  in  a fmgular 
manner,  fo  that  the  lines  of  one  fide  are  perpen- 
dicular to  thofe  which  diftinguifh  the  four  adja- 
cent fides,  (fig.  13.);  but  among  thefe  are  alfo 
found  tetraedra,  ottaedra,  dodecaedra,  and  ico- 
faedra ; fo  that  in  this  cafe  all  the  regular  folids 
are  found. 

(e)  Finally,  a very  great  number  of  cryftals 
are  either  totally  deftitute  of  any  thing  faline,  or 
elfe  poftefs  it  in  fuch  fmall  quantity,  that  no  ex- 
periments hitherto  tried  have  been  able  to  dis- 
cover the  fmalleft  fenfible  traces  of  it.  I have 
:n  my  pofTeflion  hexangular  prifms  of  mica, 

which 
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which  are  compofed  of  parallel  lamellae  ; the 
elementary  fpiculae  of  which  are  difpofed  in  a 
fingular  manner,  (fig.  14.)  : Gems,  granites, 
fchoerls,  and  other  earthy  bodies,  are  frequently 
found  figured,  though  analyfis  can  difcover  no- 
thing faline.  The  fame  is  true  of  gold,  filver, 
and  the  other  native  metals ; as  alfo  gold,  filver, 
lead,  tin,  bifmuth,  and  zinc,  united  with  mer- 
cury, of  which  all  put  on  regular  forms,  accor- 
ding to  the  quantity  of  the  mercury  (/). 

If  we  have  recourfe  to  the  fuppofition  of  an 
hidden  faline  fubdance,  which  cannot  be  difco- 
vered  by  art,  it  will  furely  be  unreafonable  to 
attribute  to  fuch  a principle  fo  great  a power  as 
that  of  arranging  the  particles  in  the  order  ne- 
celfary  for  cryftallization  ; a caufe  beyond  que- 
ftion  unequal  to  the  magnitude  of  the  effect : 
for  how  is  it  poflible  that  a faline  matter,  the 
prefence  of  the  fmalled  atom  of  which  cannot 
be  difcovered  by  the  moll  delicate  teds,  fhall  in 
pure  water  have  yet  power  to  effect  the  icy  cry- 
ftallization with  fuch  force  as  to  overcome  the 
mod  powerful  obdacles  ? How  can  a faline 
matter,  which  by  no  ted  can  be  difcovered,  have 
power,  in  an  amalgam  of  gold,  to  arrange  the 
ponderous  particles  of  both  metals  in  a particu- 
lar manner  ? What  fait  is  able  to  form  the  del- 

lated 


//)  Mem.  de  Cbemie , par  M.  Sage. 
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lated  regulus  of  antimony  ? what  the  hexagonal 
lamellae  of  mica  ?— Thefe  obfervations  will  fuf- 
fice  for  thofe  who  wilh  to  build  their  knowledge 
upon  the  folid  bafis  of  experiment— to  thofe 
who  indulge  hypothefes,  the  experience  .of  cen- 
turies will  convey  neither  convi&ion  nor  infor- 
mation, 

; . i * ■ • • * 
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DISSERTATION  XIII. 


O F 

SILICEOUS  EARTH, 


§ i. 

WE  find  it  long  fince  obferved  by  Theo- 
phradus  the  Erefian  ( a ),  that  a mod 
excellent  glafs  might  be  formed  of  that  fpecies 
of  done  which  drikes  fire  with  deel,  and  is  cal- 
led flint ; and  hence  perhaps  it  was,  that  all 
dones  which,  joined  to  alkaline  falts,  can  form 
a glafs,  were  called  vitrefcible.  There  are  fome, 
indeed,  who  explain  this  denomination  in  ano- 
ther way,  and  confider  it  as  indicating  only  the 
property  of  melting  by  means  of  fire  without 
addition.  But  as  vitrefcible  earths,  when  alone, 

are 

(a)  De  Lapid.  84.  So  Pliny,  “ Autlores  funt , in  In- 
ft  dia  et  cryjialio  /ratio  feri  (vitrum)  et  ob  id  nullum  com- 
**  parari  Indico 


OF  SILICEOUS  EARTH.  29 

are  very  refractory,  the  former  account  feems 
to  be  more  probable. 

In  the  prefent  century,  thofe  ftones  which  had 
before  been  called  vitrefcible,  were  called  filice- 
ous  by  Mr  Pott,  and  after  him  by  Mr  Cron- 
ftadt.  The  celebrated  chemift  of  Berlin  above 
mentioned,  feems  to  have  been  the  firft  who 
(in  1746)  eftablifhed  the  genuine  criteria  of 
thefe  ftones ; at  leaft,  he  determined  them  more 
accurately  than  any  perfon  before  his  time,  and, 
after  aftonilhing  labour,  difcovered  their  habits, 
in  mixture  with  the  various  earths  and  falts  (£). 
Stones  which  are  fo  hard  as  to  ftrike  fire,  are 
commonly  called  filiceous ; but  this  property 
depends  more  upon  the  connection  of  the  par- 
ticles, than  the  nature  of  matter  itfelf. 

Glauber  (r),  if  I miftake  not,  was  the  firft 
who  gave  a clear  defcription  of  the  liquor  of 
flints ; though  J.  B.  Van  Helmont,  in  fpeaking 
of  glafs,  aflerts,  that,  if  it  be  made  with  too 
much  alkali,  it  deliquefces ; and  that,  by  means 
of  an  acid,  it  precipitates  a quantity  of  filiceous 
earth  equal  to  that  which  had  been  ufed  in  the 
making  of  the  glafs  ( d ). 

Siliceous  earths  have  been  but  little  examined 
with  regard  to  their  principles  and  compofition. 
Geofiroy  aflerts,  that,  by  repeated  calcination, 
they  may  be  refolved  into  abforbent  earth  (e). 

Neuman 

( c ) Furn.  pars  2. 

(<0  Mem.  Par.  1764. 


(£)  Gethogeogn. 
(d*)  De  Terra. 
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Neuman  relates,  that  he  obtained  from  them,  by 
diftillation,  an  oily  empyreumatic  fubftance* 
which  made  fyrup  of  violets  red,  and,  upon  ad- 
dition of  concentrated  vitriolic  acid,  diffufed  the 
fmell  of  volatile  fpirit  of  fait  (/)  : but  Ludovici, 
•upon  diftillation,  obtained,  as  he  relates,  from  a 
pound  of  filiceous  earth,  two  drachms  of  an 
acid  liquor  with  a fulphureous  odour  ; and  the 
refiduum,  by  elixation,  communicated  a ftyptic 
tafte  to  water,  from  which,  by  alkali  of  tartar, 
a tartar  was  precipitated  (g).  Carl  alfo  obtain- 
ed an  acid  liquor  of  the  fame  kind  (/j). 

Others  fay  that  they  have  obtained  it  fubli- 
med  with  fal  ammoniac,  of  a variegated  colour, 
together  with  a green  liquor.  Neuman  (/)  af- 
ferts,  that  he  was  able,  by  means  of  vegetable 
acids,  to  extract  a portion  of  lime  from  moun- 
tain cryftal,  but  not  from  quartz  ; that  the  acids 
afted  more  powerfully  upon  the  cryftals  when 
calcined  ; that,  of  one  drachm  of  the  fofter  flint, 
11  grains  were  diflolved  by  concentrated  vitrio- 
lic acid,  and  by  the  diluted  acid  20  ; by  marine 
acid  15;  by  nitrous  acid  16;  by  vinegar  10; 
but  that,  from  the  harder  flints  which  ftrike  fire, 
nothing  was  extracted  (/£•)• 


Glauber  (/)  imagines,  that,  on  diftilling  pow- 
dered quartz  or  flint  with  two  or  three  parts  of 

alkali 


(/)  Praelefl.  Chem. 


(jt)  Eph.  N.  C.  Dec: 


( h ) Juncker  Confp.  Chem.  t.  i. 

(i)  L.  c.  (/)  L.  c. 
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alkali  of  tartar,  it  foams  out  of  the  retort,  and 
diffufes  an  acid  liquor  like, to  marine  acid  in 
'fin  ell,  but  differing  from  it  in  tafte,  and  other 
properties.  This  liquor  he  thinks  is  derived 
from  the  alkaline  fait,  though  Stahl  afcribes  it 
to  the  filiceous  matter. 

Pott  afferts,  that  the  earth  precipitated  from 
liquor  of  flints  (m)  by  acids,  is  perfe&ly  foluble 
in  them,  and  that  with  vitriolic  acid  it  produces 
alum  (w).  This  was  afterwards  affented  to  by 
Beaume  (0),  but  is  very  juftly  denied  by  Car- 
theufer  (/>J,  Scheele  (y),  and  others  ( r ).  The 
celebrated  J.  C.  F.  Meyer  obferved  (/),  that  li- 
quor of  flints,  diluted  with  a certain  quantity  of 
water,  bore  acids  without  precipitation.  This 
is  a remarkable  phaenomenon,  which  will  be 
explained  hereafter. 

Finally,  the  celebrated  Dr  Prieflley,  who  is 
making  attempts  to  refolve  all  bodies  into  air, 
having  expofed  filiceous  powder,  moiftened  with 
acid  of  nitre,  to  an  intenfe  heat,  obtained,  in 
an  apparatus  prepared  for  the  purpofe,  firft  aeri- 
al acid,  then  nitrous  air  and  common  air,  and, 
laftly,  air  of  remarkable  purity  ; and  thefe  he 

obtained 

(*»)  Contra  Ellerum.  (»)  Lithog.  p.  3.  praef. 

(0)  Man.  de  Chemie.  (/>)  Miner,  abh.  theil. 

(?)  Aft  Stock.  1776.  (/-)  DifT.  couronnee  par 

la  Soc.  Montp.  (/)  Befchaft.  der  Bed.  Ge- 

fellfch. 
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obtained  in  the  fame  order  feveral  times,  by 
moiftening  the  mafs  afrefli  (/). 

The  illuftrious  Count  de  Buffon  confiders 
clay  as  flint  minutely  divided,  and,  on  the  con- 
trary, flint  as  clay  very  much  condenfed  ; how 
juftlv,  will  appear  from  the  fequel.  We  fhall 
pafs  over  the  loofe  conjectures  of  authors  con- 
cerning the  origin  of  this  earth  ; conjectures 
which  are  only  built  upon  the  places  where  it  is 
found,  its  fituation,  or  other  circumftances,  of- 
ten very  trifling  ; and  only  obferve,  that  pure 
filiceous  earth  is  generated  in  the  diftillation  of 
the  mineral  fluor  with  vitriolic  acid ; a fubjeCt 
which  has  been  fo  ably  handled  by  Mr  Scheele. 
How  this  genefis  of  filiceous  earth  is  effected, 
we  fhall  inquire  hereafter,  in  its  proper  place. 

§ II.  Criteria  of  Siliceous  Earth. 

In  order  to  avoid  all  future  ambiguity,  it  is 
neceflary  to  begin  by  defining  what  is  under- 
ftood  by  the  term  filiceous  earth.  It  is  that 
earth  which  is  precipitated  by  acids  from  liquor 
of  flints,  and  which,  even  though  the  acid  be 
fuperabundant,  remains  undiflolved.  Clay  is 
alfo  diflolved  by  alkaline  falts,  and  is  alfo  preci- 
pitated by  acids ; but  is  again  taken  up  by  the 
acid,  if  fuflicient  quantity  be  added.  I fhall 
therefore  pafs  over  the  latter,  and  go  on  to  men- 
tion 


(/)  Experiments  on  Air. 
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tion  fome  of  the  principal  properties  of  the  for- 
mer earth,  fuch  as  are  often  iifeful  to  diftinguifh 
it  from  others  ; but  I fhall  only  take  notice  of 
a few  properties  which  may  ferve  as  criteria.. 
The  following  are  the  mo  ft  remarkable,  and  fuch 
as  ferve  to  diftinguifh  it  very  eafily  from  all  others. 

The  filiceous  earth  is  not  adted  upon  in  the 
ufual  way  by  any  acid,  that  of  the  mineral  fluor 
excepted. 

But  it  may  , be  diifolved  in  fixed  alkalis,  either 
by  the  dry  or  the  humid  way ; and,  in  the  for- 
mer cafe,  with  violent  effervefcence,  runs  into  a 
glafs,  which  is  fo  much  the  harder,  as  the  fili- 
ceous earth,  by  means  of  a due  degree  of  heat, 
conftitutes  a larger  proportion  of  the  whole 
mafs.  With  ^ alkali  a clear  and  very  hard  glafs 
is  obtained ; but,  with  double  or  triple  the 
quantity,  a vitrified  mafs,  which  attracting  the 
moifture  of  the  atmofphere,  deliquefces  fponta- 
neoufly. 

_ ft  cannot  be  fufed,  when  alone,  by  the  moft 
violent  ordinary  fire,  but  is  diffolved  by  the  ad- 
dition of  borax,  without  effervefcence ; it  is  al- 
fo  taken  up  by  the  microcofmic  falts,  though 
far  more  flowly  and  fparingly. 

I ' f . ' 

§ m.  Its  Habits  with  Acids. 

The  earth  newly  precipitated  from  liquor  of 
flints,  when  wafhed  and  ftill  wet)  cannot  be  dif. 
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i'olved  in  the  common  acids,  fuch  as  vitriolic, 
nitrous,  and  marine,  although  in  that  Hate  its 
furface  is  increafed  as  much  as  poffible  ; and, 
although  to  each  part  of  earth  1,000  of  concen- 
trated acid  were  added,  and  boiled  for  an  hour, 
the  filiceous  mafs,  when  afterwards  colle&ed  and 
walhed,  remains  of  the  fame  bulk  as  before,  and 
the  menftruum  is  not  impregnated  with  the 

fmalleft  particle. 

This  is  ftriaiy  the  cafe  with  regard  to  pure 
filiceous  earth  ; but,  if  three  parts  of  alkaline 
fait  be  melted  in  a common  crucible  with  one 
of  quartz,  the  fait  diffolves  at  the  fame  time  a- 
bout  0,07  its  own  weight  of  the  argillaceous 
matter  of  the  veffel,  which  are  precipitated  by 
acids,  and  re-diffolved  upon  adding  a fufficient 
quantity  of  the  acid  menftruum  : but  it  is  obvi- 
ous, that,  in  this  cafe,  the  argillaceous  clay  is  a 
foreign  admixture,  and  by.no  means  a confti- 
tuent  part  of  the  liquor  of  flints.  If  the  opera- 
tion be  performed  in  an  iron  veffel,  there  will 
be  no  argillaceous  earth  obtained,  however  of- 
ten the  experiment  be  repeated.  There  is  cer- 
tainly a portion  of  clay,  though  extremely  fmall, 
which  is  always  found  in  quartz  itfelf  : but  the 
filiceous  earth  precipitated  from  liquor  of  flints, 
and  freed  by  an  acid  from  all  heterogeneous 
matter,  though  afterwards  repeatedly  fufed  with 
fixed  alkali  in  an  iron  veffel,  will  not  yield  even 

the  moft  minute  portion  of  clay.  Ihefe  diffe- 
rent 
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rent  cafes  fhould  be  well  obferved,  left  we  be' 
led  into  an  erroneous  belief  of  the  converfion  of 
filiceous  into  argillaceous  earth. 

We  fhall  hereafter  (§  iv.  c.)  fee  that  filice- 
ous earth  may,  by  certain  management,  be  dif- 
folved  in  acids. 

(X)  -The  Huor  acid  is  never  got  entirely  free 
from  filiceous  earth  ; fo  that,  being  more  or  lefs 
loaded  with  it,  it  mull  of  courfe  be  found  lefs 
aftive.  Here  it  is  proper  to  obferve,  that  fuch 
earth  is  called  filiceous  as  is  either  collected  in 
the  recipient  during  the  diftillation  of  fluor  acid, 
or  is  afterwards  depofited  by  that  acid.  The 

reafon  of  this  denomination  will  appear  hereaf- 
ter, (§  v.). 

In  order  to  examine  the  folvent  power  of  this 
acid,  in  the  year  1772  fome  quartz,  very  finely 
powdered,  was  put  into  a bottle  which  contained 
f of  a kanne  of  the  acid.  The  bottle  was  then 
flightly  corked,  and  fet  by  in  a comer  of  the 
room.  Two  years  afterwards  it  was  examined  ; 
and,  the  liquor  having  been  poured  out,  there 
were  found  concreted  at  the  bottom  of  the  veffel 
(befides  innumerable  fmall  prifmatic  fpiculte) 
thirteen  cryftals,  of  the  fize  of  fmall  peas,  but 
moftly  of  an  irregular  form.  Some  of  them  re- 
fembled  cubes  whofe  angles  were  all  truncated, 

rp,Chr  a®are  °ften  found  in  cities  of  flints. 
Thefe  flhceous  cryfials,  the  firft  perhaps  that 
were  ever  produced  by  art,  were  indeed  hard, 

C 2 but 
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but  not  comparable  with  quartz,  except  in  ef- 
fential  properties,  in  which  they  perfe&ly  a- 
greed.  Poflibly  the  length  of  a century  may  be 
neceflary  for  them  to  acquire,  by  exficcation,  a 
fufficient  degree  of  hardnefs.  The  bottle  itfelf, 
as  far  as  the  liquid  had  reached,  was  found  co- 
vered on  the  infide  with  a very  thin  filiceous 
pellicle,  which  was  fear  cel  y vifible,  but  feparated 
on  breaking  the  bottle  : It  was  extremely  pellu- 
cid, flexible,  and  exhibited  the  prifmatic  colours.  ” 

Thefe  phaenomena  fhew  that  much  filiceous 
matter  is  diflolved  and  fufpended.  Whether 
any  of  the  quartz  was  taken  up  is  uncertain  ; 
but  it  appears  probable,  that  little  or  none  was 
diflolved  in  this  experiment,  fince,  by  the  help 
of  heat,  during  the  diftillation,  the  acid  had  pre- 
vioufly  taken  up  fo  much  filiceous  earth,  that 
upon  flow  evaporation  it  was  unable  to  retain 
it.  Hence  appears  the  origin  of  the  cry ftals  and 
the  pellicle  ; and  hence  appears  the  caufe  which 
impedes  the  a&ion  of  fluor  acid  upon  flint ; 
namely,  that  the  acid  obtained  in  the  ordinary 
way  is  already  faturated  with  it. 

Flint  diflolved  in  fluor  acid  is  mod  complete- 
ly precipitated  by  volatile  alkali  ; and  by  ihis 
method  it  is  found,  that  one  part  of  flint  is  con- 
tained in  600  of  the  acid  fo  much  diluted,  that 
its  fpecific  gravity  is  only  1,064.  This  precipi- 
tate poflefles  all  the  criteria  of  pure  flint,  (§  11.) : 
But  that  which  is  precipitated  by  fixed  alkali, 

, either 
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either  vegetable  or  mineral,  does  not  exhibit  a 
pure  filiceous  matter,  but  a triple  fait  of  a pe- 
culiar kind,  compofed  of  filiceous  earth,  fluor 
acid,  and  fixed  alkali,  which  diffolves,  though 
difficultly,  in  warm  water,  (efpecially  that  which 
is  made  with  vegetable  alkali),  but  is  eafily  de- 
compofed  by  lime-water,  and  lets  fall  the  mine- 
ral fluor  regenerated  ; fo  that  this  precipitate 
mull  be  well  diftinguifhed,  and  not  confounded 
with  that  which  is  precipitated  by  volatile  alkali, 

§ iv.  Its  Habits  with  alkaline  Salts. 

In  the  humid  way,  (by  boiling),  fixed  alka- 
line falts  attack  the  filiceous  earth,  but  not  un« 
lefs  it  be  very  finely  comminuted,  and  newly 
precipitated  from  liquor  of  flints.  Alkali  of  tar- 
tar, fpontaneoufly  diflolved  by  attracting  moi- 
fture  from  the  atmofphere,  by  boiling  takes  up 
about  one-fixth  of  its  own  weight ; and  the  li- 
quor, upon  cooling,  forms  a jelly,  although  at 
firlt  diluted  with  fixteen  times  its  weight  of  wa- 
ter. This  folution  is  effected  by  the  cauftic  por- 
tion, which  is  always  prefent  in  this  alkali ; for, 
when  the  alkali  is  aerated,  it  rejeCts  the  earth  j 
nay,  upon  the  addition  of  aerial  acid,  even  the 
cauftic  alkali  depofits  the  earth. 

The  volatile  alkali,  even  though  cauftic,  has 
no  effedt  in  this  way. 

C 3 
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(b)  In  the  dry  way  fixed  alkalis' attraft  fiiice- 
ous earth,  infomuch  that  one  half  its  weight  of 
thefe  falts  melt  with  it  into  a glafs  tranfparent,- 
hard,  and  firm,  which  is  not  the  cafe  with  any 
other  earth  yet  known.  During  the  conjunc- 
tion a violent  effervefcence  is  obferved  ; but,  if 
the  vapour  which  afcends  be  collected,  it  is 
found  to  cc-nfifl:  of  nothing  but  water  and  aerial 
acid. 

If  the  proportion  of  alkali  be  greater,  a glafs 
is  obtained  more  foft  and  lax  ; and,  if  it  be  in- 
creafed  to  double  or  triple,  the  glafs  attracts  the 
moifture  of  the  air,  and  is  refolved  into  a liqucr, 
which  (from  the  fiiiceous  earth)  is  called  liquor 
of  flints. 

(c)  This  liquor  is  precipitated  by  all  acids, 
as  the  alkali  unites  to  them  more  readily  than 
to  the  fiiiceous  earth,  which  (being  thus  depri- 
ved of  its  menftruum)  falls  to  the  bottom.  The 
fiiiceous  matter,  thus  precipitated,  is  of  an  ex- 
ceeding loofe  and  fpongy  texture,  and  is  fwelled 
by  water  fo  much,  that  its  bulk,  when  wet,  ex- 
ceeds its  bulk,  when  dry,  at  leaffc  twelve  times ; 
nor  does  it  contract  more  in  the  w^ater,  though 
fuffered  to  red  in  it  a long  time.  Hence  the 
liquor  of  flints  may,  by  time  and  a quantity  of 
precipitant  properly  adjusted,  be  eafily  converted 
into  a jelly,  efpecially  if  diluted  with  four  or 
eight  times  its  weight  of  water  : for,  in  that 
cafe,  the  fluidity  is  fo  regulated,  that  the  preci- 
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taut  can  eafily  feparate  the  filiceous  particles  j 
and  the  particles  fo  feparated  can  at  once  occu- 
py the  whole  mafs  j but,  if  an  over-proportion 
of  water  be  ufed,  (for  inftance*  twenty-four 
times  the  weight),  in  this  cafe,  the  liquor  re- 
mains limpid,  although  fo  mu$h  acid  be  added 
as  is  more  than  fufficient  to  faturate  the  alkali. 
This  is  a remarkable  phaenomenon,  the  rationale 
of  which,  if  I miftake  not,  is  the  following  : 

The  filiceous  particles  are  removed  from  each 
other  very  much  by  the  diluting  water  ; or  ra- 
ther, being  diffufed  through  fo  large  a mafs,  are 
more  rare.  Now,  by  every  diminution  of  bulk 
the  furface  is  increafed,  and,  together  with  that, 
the  contaQ:  of  the  furrounding  fluid  ; hence,  al- 
though the  filiceous  earth,  by  its  fpecific  gravi- 
ty, fliould  fall  to  the  bottom,  yet,  in  the  prefent 
cafe,  it  is  not  able  to  overcome  the  refiftence 
occafioned  by  fridtion  ; for  greater  force  is  re- 
quifite  to  open  the  way  downwards*  than  is  fup- 
plied  by  the  difference  of  fpecific  gravities.  The 
filiceous  molecules,  therefore,  remain  fufpended 
in  the  fluid  at  the  fame  time  invifible,  both  on 
account  of  their  tenuity  and  their  tranfparency  : 
but,  if  the  bulk  of  the  fluid  be  diminifhed  by 
evaporation,  efpecially  by  boiling,  which  at  once 
diminifhes  its  gravity  and  tenacity,  the  filiceous 
matter  is  feparated. 

Liquor  of  flints  is  alfo  decompofed  by  too 
great  a quantity  of  water  ; for  by  this  the  effi- 

C 4 cacy 
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cacy  of  the  alkaline  menftruum  is  fo  much  di- 
minifhed,  that  it  is  no  longer  able  to  keep  the 
kliceous  matter  diflolved  ; and  it  is  alfo  partly 
fat u rated  with  the  aerial  acid  inherent  in  the 
water. 

(d)  It  may  Team  extraordinary,  that  fluor  a- 
cid  fhould  precipitate  liquor  of  flints,  as  this  acid 
ftrongly  attracts  the  flliceous  earth  ; but  it  is  to- 
be  obferved,  that  it  Rill  more  Itrongly  attracts 
the  alkali : Befldes,  in  this  cafe,  it  is  not  a pure 
filiceous  matter  which  is  precipitated,  but  an 
earth,  combined  both  with,  acid  and  alkali,  as 
was  before  obferved,  (§  in.  b.).  But  there  is- 
fome  difference  in  the  two  cafes ; for,  in  this 
inflance,  the  acid  and  the  alkali,  both  loaded 
with  filiceous  earth,  meet  one  another.  While, 
therefore,  the  acid  is  faturated  with  alkali,  it  a- 
lorie  depofits  a quantity  of  flliceous  matter  ; this 
depolition,  therefore,  may  all  be  diflolved  by 
moderate  heat  in  a fufficient  quantity  of  water ; 
and,  when  expofed  to  the  flame  by  a blow-pipe, 
readily  fufes,  exhibiting  a pellucid  little  fphere, 
which,  upon  loflng  its  fluidity,  grows  opaque 
and  white.  The  precipitate  from  liquor  of  flints 
by  fluor  acid  has  the  fame  properties,  but  fome- 
what  lefs  folubility  and  dilpofition  to  liquefy, 
doubtlefs  occalioned  by  a larger  proportion  of 
filiceous  earth.  Both  thefe  faline  precipitates 
contain  the  fluor  acid,  which  is  difcharged  upon 
the  addition  of  the  vitriolic,  and  the  ordinary 
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phaenomena  exhibited.  To  an  inattentive  ob- 
ferver  it  will  appear,  that,  in  this  cafe,  we  have 
the  fiuor  mineral  accompanying  the  acid  ; but  a 
more  accurate  examination  will  detect  this  er- 
ror : for  the  refiduum,  after  the  diftillation  of 
fiuor,  always  contains  gypfum,  fometimes  mixed 
with  alum  and  flint ; whereas  here  nothing  re- 
mains but  vitriolated  alkali,  intermixed  with 
flint.  Hence  we  fee  how  much  caution  and  vi- 
gilance is  necefiary,  to  prevent  us  from  embra- 
cing error  inftead  of  truth. 

(e)  The  aerial,  which  is  the  weakeft  of  all 
acids,  yet  precipitates  liquor  of  flints  ; and  that 
quickly  and  copioufly,  if  it  be  fuddenly  added, 
and  in  fufficient  quantity  ; but  it  is  not  necefia- 
ry to  mix  them  j it  is  fufficient  if  liquor  of  flints 
be  expofed  to  the  atmofphere,  either  open  or 
imperfectly  fliut ; for  then  the  fubtile  precipi- 
tant is  attracted,  and  the  fluid  depoflted  very 
flowly,  in  proportion  as  the  alkali  is  aerated. 

§ v.  Siliceous  Earth  pojfeffes  fomewhat  of  a f aline 

nature. 

The  proof  of  this  is  not  to  be  drawn  from  the 
cryftalline  figures  which  filiceous  Hones  often 
aflume,  (for  this  is  a property  not  peculiar  to 
falts),  more  convincing  arguments  may  be  drawn 
from  its  compofltion  and  its  folubility. 


(a)  Id. 
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(a)  In  order  to  underftand  the  genefis  of  fila- 
ceous earth,  as  far  as  it  has  yet  been  poflible  to 
penetrate  that  myftery,  let  us  attentively  confi- 
der  the  diftillation  of  fluor  acid.  The  phaeno- 
mena  of  this  operation  are  entirely  of  a new 
fpecies,  and,  to  be  well  underftood,  require  the 
greateft  fkill  and  attention. 

Let  100  parts  of  pulverized  fluor  be  put  into 
a glafs  retort,  and  through  a tube  50  parts  of 
highly  concentrated  vitriolic  acid  be  poured  in ; 
immediately  a fenfible  degree  of  heat  is  found 
to  arife  in  the  mafs,  and  a vapour  of  a moll  pe- 
netrating odour  is  produced;  let  100  parts  of 
diftilled  water  be  kept  in  the  recipient ; let  a 
gentle  heat  be  applied,  which  is  to  be  raifed  by 
degrees,  until  the  bottom  of  the  retort  becomes 
at  laft  red  : During  this  time,  the  body  and 
neck  of  the  retort  are  incrufted  by  a white  mat- 
ter, and  the  furface  of  the  water  in  the  recipient 
is  covered  with  a cruft;  of  the  fame  colour. 
When  the  veflels  cool,  let  the  white  matter  in 
the  recipient  be  firft  col  levied,  well  walked,  and 
dried  ; it  is  found  to  be  equal  to  about  one  part 
and  a half  of  the  mafs  fubje&ed  to  the  diftilla- 
tion. 

This  is  very  light  and  fpong.y  ; not  only  in- 
foluble  in  water,  but  in  the  ftrongeft  acids ; very 
refraftory  in  the  fire  when  alone.  With  one 
half  of  fixed  alkali,  it  yields  a tranfparent  and 
ftrong  glafs,  but  with  three  times  that  quantity 
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produces  a faline  mafs,  which  deliquefces,  and 
becomes  liquor  of  flints  : In  a word,  it  exhibits 
all  the  criteria  of  a true  and  pure  filiceous  earth; 
and,  on  expofition  to  the  focus  of  a burning 
mirror,  agrees  with  that  earth,  as  the  celebrated 
Macquer  experienced  with  a fmall  portion  of 
this  filiceous  powder,  artificially  prepared  in  the 
laboratory  at  Upfal. 

Befides  the  filiceous  earth  above  mentioned, 
which  is  chiefly  formed  in  the  recipient,  a white 
pellicle  adheres  to  the  neck  and  body  of  the  re- 
tort. This,  upon  examination,  is  found  to  be 
nothing  but  the  mineral  fluor,  more  or  lefs  de- 
prived of  phlogifton,  enveloped  even  externally 
by  its  own  acid,  but  containing  little  or  nothing 
of  filiceous  earth  : It  therefore  eafily  fufes,  up- 
on expofure  to  the  blow-pipe  ; and,  upon  addi- 
tion of  vitriolic,  the  fluor  acid  is  expelled. 

If  the  diftillation  be  performed  with  an  equal, 
a double,  or  a ftill  greater  quantity  of  vitriolic 
acid,  the  fame  phaenomena  take  place,  but  with 
greater  vehemence  ; more  of  the  fluor  is  volati- 
lized ; and  it  fometimes  even  pafles  over  into 
the  receiver  : The  glafs  is  almofl:  always  cor- 
roded, and,  if  thin,  perforated.  The  water  in 
the  receiver,  which,  by  the  firfl:  method,  con- 
tains a pure  fluor  acid,  is  in  the  latter  more  or 
lefs  mixed  with  the  vitriolic.  The  elaftic  fluid, 
which  is  generated,  and  may  be  colle&ed  in 
mercury,  does  not  proceed  entirely  from  the 

fluor 


44 


OF  SILICEOUS  EARTH. 


fluor  alone,  but  is  alfo  mixed,  more  or  lefs, 
with  fomething  proceeding  from  phlogifticated 
vitriolic  acid  ; fo  that  a wrong  judgment  is 
formed  of  the  whole  elaftic  fluid,  from  that  by 
which  it  is  adulterated. 

The  mineral  fluor,  diflilled  in  the  fame  man- 
ner with  four  times  its  quantity  of  nitrous  or 
marine  acid,  yields  the  fame  product ; but  a 
fmaller  quantity  of  fluor  is  volatilized,  lefs  fluor 
acid  is  extricated,  and  lefs  filiceous  earth  is  pro- 
duced. The  water  in  the  recipient,  befides  the 
fluor  acid,  always  contains  fomewhat  of  the  de- 
compofing  acid  ; nay,  the  acids  of  the  vegetable 
and  animal  kingdoms  produce  the  fame  effeCt, 
but  in  a fmaller  degree.  The  filiceous  earth  is 
then  generally  found  to  be  wanting  in  the  re- 
ceiver ; and,  from  the  weaknefs  of  the  decom- 
pofing  acid,  a fmaller  quantity  of  fluor  acid  is 
expelled,  fometimes  indeed  fo  final!,  that  the 
whole  of  the  earth  produced  is  diflblved  ; but  it 
can  again  be  feparated  by  volatile  alkali.  Ac- 
cording to  the  new  table  of  attractions  of  the 
fluor  acid,  it  has  a greater  affinity  with  lime  than 
the  nitrous,  marine,  and  other  acids  have  ; and 
this  is  agreeable  to  experience  ; but,  when  heat 
is  applied,  the  more  volatile,  though  it  be  the 
ftronger  acid,  muft  yield  to  the  more  fixed.  The 
fluor  obftinately  refills  fire  when  alone  ; but,  by 
means  of  another  acid,  a fmall  degree  of  heat  is 
iufficient  to  volatilize  it.  The  mineral  fluor, 
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though  often  heated  and  extinguifhed  in  water, 
yet,  when  afterwards  diftilled  with  vitriolic  acid, 
yields  its  acid  in  the  ufual  way. 

Moft  of  thefe  phaenomena  are  eafily  under- 
flood, upon  the  fuppofition  that  the  fluor  acid, 
united  with  lime,  conftitutes  the  fluor  itfelf ; 
that  it  is  very  volatile  ; and  that,  when  expel- 
led, it  elevates  fome  of  the  fluor  to  a certain 
height ; and  that  this  height  is  the  greater  in 
proportion  as  the  expulfion  of  the  acid  is  quick- 
er. It  has  alfo  been  demonftrated  before,  (5  m.), 
that,  when  hot,  it  attracts  filiceous  earth  very 
powerfully ; and  this,  without  doubt,  is  the  rea- 
fon  why  glafs,  which  is  always  partly  compofed 
of  filiceous  earth,  is  corroded. 

The  principal  objections  which  in  this  bufi- 
nefs  obfcure  the  truth,  and  diminifh  the  validity 
of  our  conclufions,  though  already  mentioned, 
fhall  here  be  fet  in  view  together,  as  they  throw 
feveral  obftacles  in  the  way  of  our  refearch. 
Thefe  are,  l ft,  the  immoderate  quantity  of  vi- 
triolic acid.  If  the  fluor  acid  only  be  required, 
one  half  the  weight  of  the  decompofing  acid  is 
fufficient ; if  a perfect  decompofition  of  the 
fluor,  there  is  need  of  four  times  the  quantity  ; 
and,  in  general,  we  cannot  err  by  the  largenefs 
of  the  proportion.  2d,  By  want  of  water  in 
the  receiver,  the  glafs  veffels  are  more  corroded, 
and  the  elaftic  vapour,  which  cannot  be  conden- 
sed into  a liquid  form  without  it,  now  for  the 
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raofl;  part  burfts  forth,  being  only  confined  by 
the  portion  of  water  which  adheres  to  the  vitri- 
olic acid.  Great  obfcurity  arifes  from,  3d,  con- 
founding things  that  ought  to  be  diftinguifhed 
from  each  other.  The  volatilized  fluor,  the 
pure  filiceous  earth  found  chiefly  in  the  receiver, 
the  precipitates  from  the  fluor  acid  by  fixed 
or  volatile  alkali,  are  all  fubftances  that  fhould 
be  carefully  diftinguifhed.  In  like  manner,  the 
elaftic  fluid,  elicited  from  the  mineral  fluor  by  a 
proper  quantity  of  vitriolic  acid,  is  very  diffe- 
rent from  that  obtained  by  the  fame  acid  phlo- 
gifticated.  But  let  us  return  to  our  proper 
bufinefs  ; for  all  the  properties  of  fluor  acid  do 
not  belong  to  the  prefent  inquiry,  which  only 
regards  the  filiceous  earth.  I thought  it,  how- 
ever, neceffary  to  mention  fuch  of  them  as  lead 
dire&Iy  to  the  end  propofed. 

The  queftion  then  is,  whence  the  filiceous 
earth,  which  occurs  in  the  operation,  is  deri- 
ved? Whether  it  is  extra&ed  from  the  mineral 
fluor,  and  elevated  by  the  fluor  acid,  or  whether 
it  is  extricated  from  the  glafs  veffel  itfelf? 
Many  circumftances,  hereafter  to  be  mentioned, 
are  repugnant  to  each  of  thefe  opinions  ; and 
the  experiments  which  have  hitherto  been  infti- 
tuted,  rather  feem  to  indicate  that  this  fubftance 
is  actually  produced  during  the  operation. 

1 ft.  That  the  filiceous  earth  does  not  owe  its, 
origin  to  the  mineral  fluor,  is  eafily  ftiown ; for, 
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although  this  fluor  fometimes  contains  filiceous 
earth,  yet  this  does  not  always  happen  ; and, 
neverthelefs,  as  large  a produce  of  that  earth  is 
had  from  that  which  is  entirely  deftitute  of  fili- 
ceous matter,  as  from  that  which  contains  it. 
The  green  earth  of  Garpenberg,  for  inftance,  is 
in  general  entirely  free  from  filiceous  earth,  and 
therefore  may  be  totally  diffolved  either  in  ni- 
trous or  marine  acid.  This  folution,  upon  the 
addition  of  cauftic  alkali,  precipitates  pure  fluor, 
totally  unchanged  ; but  the  mild  alkali,  by 
means  of  a double  elective  attraction,  precipi- 
tates aerated  lime.  On  the  addition  of  vitriolic 
acid,  gypfum  is  formed. 

2d,  As  the  glafs  is  corroded  by  the  vapour 
of  the  fluor  acid,  at  firft  fight  it  appears  not  an 
improbable  conjecture,  that  the  filiceous  earth 
which  appears  is  produced  from  thence  ; but  we 
mull  obferve,  that,  by  employing  a finall  quan- 
tity of  fluor  and  a gentle  fire,  the  filiceous  earth 
may  be  obtained  without  any  corrofion  ; befides, 
the  corrofion  bears  no  proportion  to  the  quantity 
of  filiceous  earth. 

3d,  That  the  filiceous  earth,  diffolved  or  vo- 
latilized by  the  acid,  paffes  over  from  the  retort 
into  the  receiver,  is  an  opinion  contradicted  by 
a variety  of  experiments  ; if,  in  place  of  water, 
alcohol  be  put  into  the  receiver,  the  acid  is  col- 
lected in  it,  but  no  filiceous  powder,  which,  on 
the  hypothefis  of  volatilization,  ought  to1  be 
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found.  Of  this  circumftance  we  fhail  fpeak 
more  at  large  hereafter. 

But  the  powder  formed  in  the  receiver,  well 
wafhed,  and  diftilled  with  vitriolic  acid,  is  not 
elevated,  much  lefs  does  it  pafs  over  into  the 
receiver,  and  it  yields  no  fiuor  acid.  Left  it 
ftiould  be  fufpe&ed  that  this  is  owing  to  a defi- 
ciency of  the  phlogifton  neceffary  to  volatiliza- 
tion, let  a few  drops  of  olive  oil  be  added,  and 
from  hence,  upon  the  application  of  heat,  a 
white  fmoke  will  arife  ; and,  if  the  end  of  the 
retort’s  neck  be  plunged  in  water,  a white  fqua- 
mous  membnane  is  generated  on  the  furface. 
This  would  at  firft  appear  a proof  of  the  volati- 
lization of  filiceous  earth  j but,  upon  examina- 
tion, the  error  is  difcovered,  this  membrane  be- 
ing found  to  be  nothing  more  than  a febaceous 
matter  difcharged  from  the  oil  by  means  of  the 
acid,  in  a ftate  of  coagulation,  and  carried  up 
by  the  fmoke ; and  the  fame  kind  of  membrane 
is  produced,  if  nothing  be  ufed  but  the  oil  and 
the  acid.  If  the  fluor  acid  be  nothing  more  than 
a modification  of  the  vitriolic,  (a  queftion  which 
muft  be  decided  by  future  experiments),  the 
change  produced  in  this  cafe  is  a very  fingular 
one,  and  muft  be  totally  different  from  that  oc- 
cafioned  in  general  by  phlogifton  : In  the  mean 
time,  it  cannot  with  juftice  be  denied,  that  the 
fluor  acid  is  contained  in  the  fluor  itfelf ; for,  if 
the  fluor  acid  be  mixed  with  lime-water,  the 
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mixture  immediately  becomes  turbid,  and  a 
powder  is  depofited,  which,  wafhed  and  dried 
in  a certain  degree  of  heat,  becomes  phofpho- 
ric  ; diflilled  tfith  Vitriolic  acid,  it  yields  fluor 
acid  and  filiceous  earth,  and  agrees  in  all  re- 
fpects  with  the  mineral  fluor.  On  what  pretext, 
then,  can  it  be  denied  that  the  acid,  which  was 
juft  now  mixed  with  it,  is  prefent  in  it  ? The 
mineral  fiuor  is  therefore  lime  faturated  with 
fluor  acid.  Sometimes,  indeed,  there  is  prefent 
a little  clay  and  flint  : Thefe;  however,  are  not 
always  found,  but  only  cafually  ; and  they  by 
no  means  conflitute  the  eflfence  of  the  fubftance. 
The  greateft  quantity  that  I have  yet  found,  was 
four  grains  of  clay  in  an  ounce  of  mineral  fluor; 
that  is  T~.  There  is  alfo  fometimes  a fmall  por- 
tion of  marine  acid,  which  has  not  yet  been  found 
to  exceed  five  grains  in  an  ounce  of  mineral  fluon, 

Upon  confidering  thefe  circumflances,  which 
are  not  the  refult  of  a Angle  experiment,  flight- 
ly  confidered,  but  of  diftillations  frequently  re- 
peated, and  accurately  examined,  it  feems  ne^ 
ceflary  to  have  recourfe  to  a new  produ&ion,  a 
thing  which  indeed  fhould  never  be  attempted 
but  upon  the  belt  grounds. 

In  general,  we  can  no  other  way  conceive  the 
nature  of  fluid  bodies,  than  by  confidering  them 
as  congeries  of  folid  particles,  which  are  fo  mi- 
nute, that,  when  combined  with  a certain  quan- 
tity of  heat,  they  acquire  that  degree  of  mobi- 
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lity  which  is  fufficient  to  preferve  a level  fur- 
face  ; which  level,  if  by  any  means  dilturbed,  is 
immediately  recovered.  Now,  the  primary  a- 
queous  elements,  united  while  in  a fluid  flate 
with  fluor  acid,  fcarcely  contrail  a firm  texture, 
but  yield  a dilute  acid,  a circumllance  which 
takes  place  with  refpect  to  other  acids  ; but, 
upon  the  application  of  h.eat,  they  put  on  the 
form  of  an  elaflic  vapour  ; and,  in  this  ftate, 
meeting  with  the  vapour  of  the  fluor  acid,  it  is 
extremely  probable,  that,  by  their  union,  they 
form  the  white  powder  above  mentioned.  It 
is  certain,  that,  when  liquid,  they  both  offer  a 
much  fmaller  furface  of  contact  than  when  in 
the  ftate  of  vapour  ; and  this  difference,  in  the 
latter  cafe,  occafions  a very  clofe  union,  which, 
in  the  former,  can  fcarce  poflibly  take  place,  on 
account  of  the  fmall  furface  of  contatt.  If  mi- 
neral fluor  be  treated  with  highly  concentrated 
vitriolic  acid,  unlefs  there  be  water  in  the  re- 
ceiver, the  elaflic  vapour  can  fcarcely  be  con- 
denfed  into  a liquid  form,  but,  for  the  moft 
part,  penetrates  the  luting,  and  corrodes  the 
glafs  in  a more  than  ordinary  manner  : By 
means  of  the  water,  which  ftill  adheres  to  the 
vitriolic  acid,  a fmall  quantity  of  liquor  will  be 
formed,  \iz.  as  much  as  cfcapes  being  conden- 
fed  into  an  earth.  The  acid  vapour  itfelf,  col- 
lected in  mercury,  yields  an  elaflic  fluid,  not 
condenfible  by  cold  : Water  abforbs  this  acid 
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fluid,  but  watery  vapour  coagulates  it.  Hence 
we  may  underhand  why  pulverized,  mineral 
fluor,  when  expofed  to  a digefting  heat  in  a 
dole  cucurbit,  with  twice  its  quantity  of  con- 
centrated vitriolic  acid,  covers  wet  bodies,  fu- 
fpended  over  the  mafs,  with  a white  powder, 
while  dry  bodies,  expofed  in  the  fame  way,  do 
not  contract  a particle  of  powder  ; as  alfo,  why 
the  fluor  add,  often  diftilled  with  water,  may  be 
totally  converted  into  fdiceous  earth.  There  is 
therefore  neceflary  for  this  concretion  (befides 
the  hot  acid  vapours)  water,  alfo  converted  in- 
to vapour  ; and  the  coagulation  is  performed 
with  great  difficulty  within  the  mafs,  but  very 
ealily  at  the  fnrface,  which,  while  fluid,  is  in  a 
perpetual  ftate  of  evaporation. 


But,  whatever  be  the  caufe  of  this  Angular 
union,  (which  is  highly  deferving  of  accurate 
examination),  it  is  at  leaft  certain,  that  the  fluor 
acid  makes  a part  of  it.  Such  a combination  is 
very  analogous  to  the  neutral  and  middle  falts, 
and  therefore  is  not  without  reafon  confidered 
as  partaking  of  a faline  nature,  although  fcarce- 
ly  foluble  in  water,  in  the  fame  manner  as  gyp. 
fum,  or  as  the  mineral  fluor  (which  confifts  of 
fluor  acid  faturated  with  lime,  and  is  totally  in- 
foluble  in  water)  is  acknowledged  to  approach 
to  the  nature  of  middle  earthy  falts. 

(B)  Let  us  now  fee  whether  filiceous  earth  be 
totally  infoluble  in  water.  That  certain  waters 
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contain  filiceous  earth,  is  beyond  a doubt ; but 
it  is  probable  that  it  rather  remains  fufpended 
in  them  by  means  of  the  fubtlety  of  its  parts, 
than  in  virtue  of  a true  folution. 

It  is  known  that  water  becomes  the  more  ca- 
pable of  diffolving  bodies,  in  proportion  to  its 
degree  of  heat ; but,  in  open  veflels,  it  is  inca- 
pable of  receiving  a degree  of  heat  greater  than, 
that  of  the  boiling  point,  or  ioo°.  Siliceous 
earth,  expofed  in  water  to  a boiling  heat  for 
ever  fo  great  a length  of  time,  is  fcarce  fenfibly 
diminifhed;  fo  that  by  this  experiment  it  feems 
totally  infoluble  ; but  we  cannot  thence  con- 
clude, that  it  is  able  to  refill  a greater  heat. 
The  efficacy  of  Papin’s  digeller  has  Ihewn,  that 
many  bodies  may  be  diffolved  which  totally  re- 
fill boiling  in  open  velfels : At  the  fame  time, 
it  mull  be  confeffed,  that  no  one  has  yet  tried 
filiceous  earth  in  this  way  ; fo  that  we  ffiould  be 
ignorant  what  would  be  the  event,  had 
not  nature  herfelf  fpontaneoufly  affilled  our  ig- 
norance and  iloth. 

Thus,  at  Geyfer,  in  Iceland,  there  fprings  up 
a hot  water,  which,  upon  cooling,  depofits  fili- 
ceous earth  ; and  of  this  very  matter  has  form- 
ed for  itfelf  a crater,  in  which  columns  of  wa- 
ter of  a flupendous  bulk,  after  they  have  been 
throwm  to  the  height  of  90  feet  and  upwards, 
fall,  and  are  again  received.  The  heat  of  the 
water,  during  the  explofton,  cannot  indeed  be 
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meafured  ; but,  after  it  has  rifen  and  fallen 
through  a ftratum  of  air  90  feet  thick,  it  raifes 
the  thermometer  to  ioo° ; which  evidently  fhews 
that  the  heat  in  the  bowels  of  the  earth  mult  be 
vaftly  more  intenfe  ; and  this  we  fhall  ceafe  to 
wonder  at,  when  we  confider,  that,  in  this  cafe, 
the  fubterraneous  fire  a£ts  upon  the  water  in  ca- 
verns clofed  up  by  very  thick  Rrata  of  flones, 
an  apparatus  far  more  effe&ive  than  Papin’s  di- 
gefter.  The  crater  undoubtedly  was  at  firft 
formed,  and  is  daily  ftrengthened  by  filiceous 
earth,  which  quits  the  menftruum  on  its  being 
cooled,  fails  down,  and,  being  in  fomewhat  like 
a foft  Rate,  concretes  (0). 

From  what  has  been  faid,  it  abundantly  ap- 
pears, that  filiceous  earth  is  of  a faline  nature, 
but  differs  fo  much  in  degree  of  folubility,  that 
our  artificial  limits  oblige  us  to  refer  it  to  the 
earths. 

1 

§ vi.  Whether  Siliceous  Earth  be  a primitive 

Earth. 

Thofe  earths  are  called  primitive  which  can- 
not artificially  be  refolved  into  fuch  as  are  more 
fimple  ; derivative,  thofe  which  are  compofed 
of  two  or  more  primitive  earths  intimately  uni- 
ted. Ihe  queltion  is,  then,  to  which  of  thefe 
claffes  the  filiceous  earth  may,  with  rnoft  prp- 

3 priety, 
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prlety,  be  referred  ? If  the  queftion  was,  whe- 
ther filiceous  earth  be  altogether  fimple  and  ho- 
mogeneous ? the  proper  anfwer  would  be  in  the 
negative  ; for,  upon  confidering  the  very  pro- 
bable circumftances  above  related,  concerning 
the  origin  of  this  earth,  it  appears  plainly  to 
confift  of  two  principles,  namely,  the  fluor  acid, 
and  fomewhat  derived  from  the  water.  It  can- 
not, therefore,  be  confidered  as  fimple  and  ho- 
mogeneous ; but,  inafmuch  as  we  are  ignorant 
of  the  true  nature  of  the  primary  (lamina  of  wa- 
ter, and,  as  it  does  not  appear  that  any  of  the 
other  primitive  earths,  fuch  as  lime,  terra  pon- 
derofa,  magnefia,  or  pure  clay,  are  derived  from 
the  genuine  fubllance  of  water,  it  appears,  that, 
in  mineralogy,  the  filiceous  earth  may  properly 
be  confidered  as  primitive,  until  by  apt  experi- 
ments, both  analytic  and  fynthetic,  it  be  de- 
fnonftrated,  that  the  bafe  of  this  earth  entirely 
agrees  with  fome  one  of  thefe  above  mentioned. 
When  this  is  done,  it  may  properly  be  referred 
to  the  derivatives,  but  not  before  : In  the  inte- 
rim, naked  conjedlures  and  fallacious  obferva- 
tions  are  not  by  any  means  to  be  confided  in. 
It  mull  be  allowed,  that,  to  fyfiem  builders,  it 
will  appear  more  fimple  to  conlider  all  earths  as 
of  the  fame  fpecies,  with  a very  few  modifica- 
tions ; but  it  (hould  be  remembered,  that  he 
who  pretends,  a priori , to  judge  of  the  mod 
compound  body  in  nature,  ought  firft  to  be  ac- 
quainted 
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quainted  with  the  whole  ffru&ure  and  oecono- 
my  of  nature. 

Some  perfons,  cbferving  that  clay  acquires 
by  fire  a flinty  hardnefs,  think  that  the  princi- 
ples of  both  are  the  fame  ; an  opinion  which 
would  be  eflablifhed  beyond  doubt,  if  iiliceous 
earth,  diffolved  in  fixed  alkali,  could,  by  means 
of  the  vitriolic  acid,  form  alum,  which  has  been 
attempted  by  certain  moderns  : But  this  hypo- 
thefis,  when  put  to  the  teft  of  experience,  falls 
to  the  ground  ; for  the  pure  clay  is  all  convert- 
ed into  alum  by  vitriolic  acid,  and  the  filiceous 
earth  is  not  fo  much  as  diffolved  by  that  men- 
flruum,  (§  ii.  and  in,  a.). 

Others,  becaufe  common  flints  are  generally 
found  in  chalky  hills,  imagine,  that  they  origi- 
nate from  chalk,  particularly  depending  upon 
mifunderffood  phaenomena  of  gelatinous  mine- 
rals. Thefe  phaenomena  are  explained  at  large 
in  the  treatife  on  Volcanic  Produ&s.  In  the 
colle&ion  of  the  Academy,  there  is  found  an 
echinites  exactly  filled  with  filiceous  earth,  and 
furrounded  with  the  fame  kind  of  fubftance  j 
but  the  flrell  itfelf  is  ffill  calcareous,,  and  even 
of  a fpathaceous  form.  Now,  in  this  cafe,  fince 
by  hypothefis  the  calcareous  earth  has  acquired 
a filiceous  nature,  both  internally  and  external- 
ly, how  could  the  fhcll  itfelf  avoid  the  change  ? 
But  the  nature  of  the  fubjeft,  which  is  ffill  fo 
much  involved  in  darknefs,  from  the  want  of  a 
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fufficient  number  of  experiments,  that  we  can- 
not certainly  determine  the  origin  of  filiceous 
earth,  forbids  us  to  dwell  longer  upon  this  point, 

§ vii.  In  what  Form  Siliceous  Earth  occurs  in  the 
Mineral  Kingdom. 

' t ' 

The  filiceous  earth,  fuch  as  it  appears  when 
precipitated  from  liquor  of  flints,  and  freed  from 
all  heterogeneous  matter,  is  fcarcely  ever  found, 
at  leafl:  in  the  external  ftrata  of  this  globe,  but 
is,  like  the  other  primitive  earths,  more  or  lefs 
mixed  with  other  fubftances,  and  that  as  well 
mechanically  (as  is  the  cafe  in  common  clay) 
as  by  a more  intimate  connexion,  and,  as  it 
were,  folution  ; inftances  of  which  occur  in  fer- 
pentinum,  afbeftos,  mica,  fchoerl,  garnet,  zeo- 
lith,  and  thofe  ftones  which  are  called  filiceous. 
So  long  as  the  filiceous  nature  prevails  in  the 
mafs,  they  are  not  improperly  fo  called,  the  de- 
nomination being  taken  from  the  prevalent  in- 
gredient : But  here  we  muff  obferve,  that  the 
nature  of  the  compound  does  not  always  corre- 
fpond  with  the  quantity  of  the  different  ingre- 
dients ; for  the  properties  of  certain  Ample 
earths  are  far  more  remarkable  and  intenfe 
than  thofe  of  others.  Thus  a mafs,  in  which 
pure  clay  makes  no  more  than  a fourth,  nay 
even  fometimes  lefs,  yet  preferves  the  nature 
and  character  of  clay  : Therefore  it  is  that  we 
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call  fuch  mixtures  filiceous  which  Hand  the  cri- 
teria mentioned  in  § n. ; and,  although  the  fili- 
ceous nature  is  fometimes  more  obfcure,  on  ac- 
count of  the  quantity  and  quality  of  heteroge- 
neous matter,  it  is  of  no  importance,  provided 
the  filiceous  nature  and  properties  prevail. 

To  this  clafs  we  may,  without  referve,  refer 
quartz  and  mountain  cryftal,  flints,  properly  fo 
called,  and  jafpers ; but  more  ambiguoufly  pe- 
trofilices  and  felt-fpar,  as  alfo  zeoliths,  fchoerls, 
and,  laftly,  garnets,  which  are  as  it  were  inter- 
mediate between  thofe  and  the  gems,  which  are 
to  be  entirely  excluded  from  filiceous  earths,  as 
not  only  by  their  nature,  but  by  the  proportion 
of  their  primary  principles,  they  challenge  a 
place  among  the  clays,  as  we  fhall  fee  hereafter. 
Mod  of  the  lad  mentioned  dones  abound  in 
filiceous  earths,  and  contain,  befides,  portions 
of  calcareous  and  argillaceous  earth,  yet  exhi- 
bit the  filiceous  properties  notwithdanding  ; 

the  limits  and  defign  of  the  prefent  work  pre- 
vent us  from  mentioning  the  fpecific  differences. 


D I S S E R- 


DISSERTATION  XIV. 


OF  THE 

HTDROPHANOUS  STONE. 


§ i.  Peculiar  Property  of  the  Hydrophanous  Stone. 

BENEDICTUS  CERUTUS  relates,  that  he 
had  feen  with  the  greateft  aftonifliment, 
in  the  pofieflion  of  Chr.  Furleger,  an  opake 
Rone,  which,  upon  lying  in  water,  by  degrees 
acquired  tranfparency,  and  which,  upon  drying 
in  the  light,  became  again  opake  ; for  this  rea- 
fon,  he  denominates  it  lapis  mutabilis.  Such 
Rones  were  afterwards  very  fcarce,  and  had  the 
empty  name  of  oculus  mundi  bellowed  upon 
them.  The  reafon  of  the  former  appellation  is 
obvious ; the  latter  is  merely  the  fport  of  a 
warm  imagination.  Dr  Hill  has  very  properly 

called 
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called  fuch  Hones  as  grow  tranfparent  in  water 
hydropbanoiis. 

An  attentive  confideration  of  the  change  pro- 
duced will  eafily  inflruCt  us  in  the  nature  of  this 
wonderful  phaenomenon.  The  tranfparency 
may  be  obferved  proceeding  from  the  furface  to 
the  nucleus ; and,  at  the  fame  time,  air  bubbles 
continually  arife  from  the  furface  of  the  ftone, 
and  float  upon  that  of  the  water.  Some  aflerr, 
that  the  tranfparency  begins  at  the  center,  and 
extends  itfelf  to  the  furface  ; but,  when  that  is 
the  cafe,  it  mult  be  occafioned  by  fome  crack 
which  admits  the  water  at  once  to  the  center. 
All  the  hydrophani  which  I am  in  pofleflion  of, 
or  have  ever  feen,  have,  conformably  to  natural 
expe&ation,  grown  firfl:  tranfparent  at  the  fur- 
face. 

The  phaenomena  of  clouds  ferye  to  fhew,  that 
moifl:  particles,  copioufly  mixed  with  particles 
of  air,  prevent  the  tranfmiflion  of  light,  and 
render  the  mafs  more  or  lefs  opake,  although 
the  particles  of  each,  feparately  taken,  are  pel- 
lucid.  The  caufe  of  this  is  to  be  fought  for  in 
the  difference  of  refracting  power ; for,  by- 
means  of  that,  the  rays  are  turned  from  their 
original,  courfe  at  every  particle,  a circumftance 
which  is  very  injurious  to  tranfparency.  A 
common  experiment  will  ftill  more  clearly  elu- 
cidate this  point.  The  molt  tranfparent  glafs, 
when  reduced  to  powder,  becomes  opake,  be- 

caufe 
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caufe  the  air,  which  now  occupies  the  interfa- 
ces, refraCts  the  light  much  more  weakly  than 
the  particles  of  glafs  do  ; but,  upon  pouring  on 
water,  which  difplaces  the  air,  and  differs  lefs 
from  the  glafs  in  its  refracting  power,  a certain 
degree  of  tranfparency  is  reftored.  Setting 
down  the  fpecific  gravity  of  water  1,000,  we 
ihall  find  that  of  air  to  be  0,00 1 ; and  that  of 
glafs  varying,  according  to  its  compofition,  from 
1,791  to  3,380,  which  is  the  greatefl : Hence  it 
appears,  that  the  greatefl  difference  between 
glafs  and  water  is  2,380,  and  the  leaft  is  1,791  ; 
the  greatefl  difference  between  glafs  and  air  is 
3,379,  and  the  lead  is  1,790.  From  this  cal- 
culation we  may  judge  of  the  different  quanti- 
ties of  refraClion,  and  the  confequent  differences 
of  tranfparency. 

Let  us  now  fuppofe  a flone  which  agrees  near- 
ly with  water  in  fpecific  gravity,  or  at  leafl  is 
not  more  diflant  from  it  than  glafs  ; let  us  alfo 
fuppofe  that  its  particles  are  tranfparent,  but 
that  it  is  uniformly  perforated  by  invifible  fora- 
mina, fo  that  both  air  and  water  may  be  admit- 
ted, though  not  readily  ; we  fhall  then  have  a 
done,  which,  when  well  dried,  remains  opake, 
but,  like  the  oculus  mundi,  grows  pellucid  in 
water.  The  fuperior  effeCl  which  an  alkaline 
lixivium  produces  in  this  cafe,  depends  on  the 
fuperiority  of  its  fpecific  gravity. 


Although 
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Although  the  caufes  of  this  phaenomenon  are 
thus  phyfically  explained,  which  always  renders 
a phaenomenon  much  lefs  furprifing,  yet  to  this 
effedt  three  conditions,  but  rarely  found  united, 
are  neceflary  ; fo  that  ftones  of  this  kind  were 
very  fcarce,  and  valued  at  great  and  even  im- 
menfe  prices.  The  extravagance  of  the  price 
alfo  prevented  the  examination  of  this  fub- 
ftance  ; and  our  ignorance  of  its  nature  con- 
cealed from  us  the  place  where  it  was  to  be 
found ; nay,  fo  undecided  were  opinions  con- 
cerning it,  that  the  moil  acute  examiners  were 
doubtful  whether  it  owed  its  origin  to  the  mine- 
ral or  to  the  animal  kingdom  : In  the  mean 
time,  the  curious,  both  merchants  and  philofo- 
phers,  were  bufily  employed  in  fearch  of  it.  The 
accounts  tranfmitted  to  the  Royal  Academy  of 
Sciences,  Stockholm,  were  as  follow  : 

In  1770,  the  celebrated  Quiff,  who  had  vifit- 
ed  England,  communicated  fome  obfervations 
upon  three  fpecimens  which  he  had  feen  in  the 
Britifh  Mufeum  ; but,  as  he  was  only  permitted 
to  examine  them  fuperficially,  he  could  not  de- 
termine their  nature. 

At  the  beginning  of  the  year  1774,  Mr 
Poetzfch  of  Leipfic  related  to  the  Academy, 
that,  the  year  before,  a lapis  mutabilis  had  been 
offered,  at  the  electoral  colledtion,  for  the  price 
of  100  ducats ; that  this  ftone  very  much  re- 
fembled  a certain  variety  of  the  Eibenftock  opal, 

which. 
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which,  upon  trial,  was  alfo  found  to  grow  tran- 
fparent  in  water : Hence  he  concludes,  that  the 
lapis  mutabilis  is  to  be  ranked  in  the  family  of 
the  opals. 

In  1776,  Mr  Murray  communicated  to  the 
Academy  a difeovery  which  had  been  made  three 
years  before  by  Mr  Veltheiin,  fuperintendant  of 
the  mines  in  the  Hartz,  namely,  that  the  grey, 
green,  and  yellow  hydrophanae,  are  no  other 
than  thin  crufts  of  the  chalcedony  of  Ferro. 

In  1 777,  Mr  M.  T.  Brunnich,  profeftor  at 
Copenhagen,  in  a memoir,  gave  a confirmation 
of  the  chalcedony  of  Ferro’s  being  the  matrix 
of  the  hydrophanous  ftone.  It  is  fufficient  juft 
to  mention  this  ; the  other  circumftances  may 
be  feen  in  the  ACt.  Stockholm,  an.  1777. 

Having  now  mentioned  this  quality  fo  highly 
prized,  and  fhewn  its  exiftence  in  certain  of  the 
chalcedony  and  opal  tribe,  let  us  confider  thefe 
ftones  a little  more  accurately  ; although  it  can- 
not be  denied,  that  the  fame  property  may,  and 
actually  does,  exift  in  fome  other  fpecies. 

§ 11.  The  Opal  and  Chalcedony  compared  together . 

The  opal  and  chalcedony  agree  with  one  an- 
other in  many  properties. 

(a)  The  common  colour  of  both  is  frequent- 
ly milky ; but  the  former  is  more  pellucid  than 
the  latter : Befidcs,  the  opal,  viewed  with  re- 
fracted 
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fra&ed  and  reflected  rays,  exhibits  different  co- 
lours ; but  this  property  is  not  peculiar  to  it  a- 
lone. 

(b)  The  chalcedony  is  of  greater  fpecific  gra- 
vity than  the  opal ; but,  in  this  refpeft,  they  do 
not  differ  much.  The  Eibenftock  opal  is  from 
1,958  to  2,075  ; and  the  chalcedony  of  diffe- 
rent countries  from  2,559  to  4,360. 

(c)  The  opal  does  not  poffefs  fufficient  hard- 
nefs  to  ftrike  fire  with  Heel  ; the  fame  is  fome- 
times  true  of  the  chalcedony  j fo  that,  differing' 
only  in  degree,  they  may,  with  refpedt  to  this 
property,  be  confounded. 

(d)  With  regard  to  compofition,  they  alfo 
agree,  as  I difcovered  by  the  following  experi- 
ment : I took  100  parts  of  chalcedony  of  Fer- 
ro, reduced  to  a very  fine  powder  by  elutria- 
tion,  and  formed  it  into  a little  ball,  with  three 
times  as  much  mineral  alkali,  and  a fmall  quan- 
tity of  water.  After  mixing  them  well  toge- 
ther, I dried  it,  and  expofed  it  cautioufly  to  the 
fire  in  an  iron  veffel  for  an  hour  and  a half. 
Ihis  operation  requires  the  fire  to  be  gradually 
raifed,  but  not  beyond  a certain  degree.  This 
management  is  fo  difficult,  that,  for  once  it  fuc- 
ceeds,  the  mafs  melts  five  times  ; for  the  more 
alkali  is  ufed,  the  more  is  the  texture  of  the 
matter  opened,  that  menftrua  may  extrad  the 
foluble  parts,  but,  at  the  fame  time,  the  more 
is  its  tendency  to  fufion  increafed  j but  the 

mafs. 
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mafs,  when  fufed,  muft  neceffarily  be  loaded 
with  iron,  which  renders  an  accurate  reparation 
of  the  principles  very  troublefome  ; and,  be- 
fides,  a portion  adheres  to  the  veffel,  which  is 
not  eafily  got  off.  Thefe  inconveniencies,  there- 
fore, muft  be  carefully  avoided  ; and,  whoever 
diflikes  this  fcrupulous  attention  to  the  manage- 
ment of  the  fire,  muft  diminilh  the  quantity  of 
fait,  and  reduce  it  to  a fourth  or  fixth  part  of 
the  chalcedony  ; by  which  means  the  end  may 
be  obtained,  but  more  imperfedtly.  The  ball, 
upon  the  application  of  a proper  degree  of  heat, 
fplits  into  a powder.  This  powder  I collected 
and  kept  in  marine  acid,  in  a digefting  heat, 
until  the  refiduum  refilled  the  force  of  the  acid. 
The  infoluble  powder,  which  was  purely  filice- 
ous,  when  walhed  and  dried,  weighed  84  allay 
pounds ; fo  that  the  undilfolved  part  confifted 
of  16,  which,  precipitated  and  examined,  ap- 
peared to  be  all  argillaceous,  mixed  with  fome 
iron,  but  without  the  fmalleft  appearance  of  any 
thing  calcareous. 

It  is  proper  to  obferve,  that  the  fame  chalce- 
dony, without  the  previous  preparation  with  al- 
kali, yielded  to  the  marine  acid  a portion  of  ar- 
gillaceous earth,  but  four  times  lefs.  It  differs, 
therefore,  from  the  common  flint,  which,  treat- 
ed in  this  way,  yields  fcarce  any  clay,  and  is 
found  mixed  with  calcareous  earth,  though  in 
lefs  proportion  than  the  cryftals  of  quartz. 
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I treated  the  Eibenftock  opal  in  the  fame 
way,  and  it  gave  the  fame  refill  t as  the  chalce- 
dony, whether  crude  or  prepared  with  alkali. 
The  argillaceous  part  was  indeed  a few  pounds 

lefs  ; but  I do  not  know  that  the  difference  is 
conftant. 

(f)  From  the  above,  it  appears  plainly,  I 
think,  that  opal  is  to  be  confidered  as  a rarer 
and  purer  chalcedony,  and  the  latter  as  a denfer 
and  coarfer  opal  : That  the  opal  is  of  a more 
fpongy  texture,  appears  not  only  from  the  fpe- 
cific  gravity,  but  alfo  from  this,  that  pieces  of 
the  opal  often  grow  more  tranfparent  and  more 
weighty  in  water. 


§ hi.  Of  the  Hydrophanous  Flint. 

We  have  heretofore  confidered  the  opal  and 
chalcedony ; but  thefe,  when  perfedt,  do  not 
undergo  the  change  in  water  of  which  we  are 
treating,  at  ieaft  not  in  fuch  a degree  as  to  at- 
trad  attention  ; but  this  property  is  fometimes 
found  in  the  crufts  with  which  they  are  cover- 

e • fhefe  we  (hall  therefore  proceed  to  exa- 
mine  more  accurately. 

(a)  It  may,  in  general,  be  faid  of  thofe  fili. 
ceous  ftones  which  reiemble  the  common  flint 
breaking  equally  and  fmoothly,  that  they  are 
frequently  found  furronnded  with  a cover  I f 
Wet  material s.  I foal,  mention  what  appLs 

■k*  probable 
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probable  concerning  the  origin  of  this  cruft. 
Evident  marks  frequently  occur,  which  fhew 
that. thefe  ftones  have  gi  rally  been  indurated, 
and  were  originally  a tenacious  mafs.  Now, 
during  this  operation,  the  coarfer  particles,  or 
thofe  more  imperfedlly  dilfclved,  while  the  bulk 
gradually  diminilhed,  were  pulhed  to  the  fur- 
face  by  the  more  homogeneous  matter,  or  fome- 
times  towards  the  center,  if  any  cavity  be  there 
to  receive  them  ; but,  as  the  mafs  grew  more 
denfe,  the  refiftance  alfo  grew  greater,  and  at 
length  acquired  fo  much  power  as  to  prevent 
the  protrufion  ; it  therefore  obliged  the  protru- 
ded particles  to  fettle  in  ftrata  parallel  to  the 
furface  ; and  thefe  ftrata  were  at  leaft  diftin- 
guifhable  by  colour  and  tranfparency  from  the 
reft  of  the  mafs.  Inftances  of  this  are  feen  in 
agates  and  chalcedonies.  The  external  layers 
are  generally  more  coarfe,  and  have  undoubted- 
ly been  protruded  in  the  manner  above  men- 
tioned, while  the  mafs  was  foft.  On  feparating 
the  layers,  each  internal  is  found  of  a more  de- 
licate texture  than  the  adjacent  external. 

(b)  The  above  mentioned  crufts  mull  necef- 
farily  ditfer  in  texture,  denfity,  hardnefs,  and 
gravity  : It  is  therefore  evident,  that  the  three 
conditions  neceffary  to  the  mutability  required, 
cannot  always  be  prefent  in  thefe.  Experience 
ihews,  that  the  proper  piece*,  which  are  gene- 
rally furrounded  with  thofe  that  are  ufelefs,  can- 
not 
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Slot  be  diftingui/hed  by  fight,  by  touch,  or  any 
external  mark.  Thofe  which,  when  applied  to 
the  tongue,  do  not  /hew  any  adhefive  power, 
may  be  reje&ed  ; yet  thofe  which  po  fiefs  that 
power,  do  not  always  grow  tranfparent  in  wa- 
ter, although  they  admit  it,  two  other  condi- 
tions being  equally  necefiary.  Adtual  immer- 
fion  for  24  hours  will  decide  the  queftion,  as 
thole  which  require  longer  time  are  not  worthy 
of  attention. 

(c)  Hitherto  we  have  confidered  the  cru/ls 
of  filiceous  /tones  in  general ; and,  although  the 
involucra  of  all  the  varieties  may  perhaps  fome- 
times  yield  the  hydrophanous  /tone,  yet  experi- 
ence /hews,  that  it  is  chiefly  to  be  fought  for  a- 
mong  thofe  of  a loofe  texture,,  fuch  as  opals  and 
chalcedonies. 

(d)  Ihe  crufts  which  grow  tranfparent  in 
water,  on  breaking,  appear  denfe  and  fmooth  ; 
they  /tick  to  the  tongue,  do  not  /trike  fire  with 
flint,  are  oi  a whitifh  yellow  brown,  nay  fome- 
times  blacki/h  colour  : Their  tranfparency  va- 
ries according  to  circum/tances  ; their  fpecific 
gravity  fcarcely  double  that  of  water. 

(e)  As  thefe  /tones  are  de/titute  of  the  hard- 
nefs  necefiary  to  /trike  fire  with  Reel,  (a  pro- 
perty which  is  confidered  as  the  criterion  of  fi- 
liceous ft 'ones),  fome  doubt  may  arife  concern- 
ing the  filiceous  nature  of  the  hydrophanous 
crufts.  1 thought  analyfis  the  mo/t  proper 

^ 2 ' means 
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means  of  folving  this  difficulty  ; and,  upon  ex- 
periment, found  the  fame  principles  as  before, 
(§  ii.  e.),  which  puts  an  end  to  all  ambiguity. 
But  it  appears  plainly,  that  the  greater  or  leffer 
degree  of  connection  between  the  integrant  parts 
affords  a very  infufficient  and  fallacious  mark  of 
difcrimination ; and,  accordingly,  we  find  a 
great  variety  in  this  refpeCt,  even  in  the  fame 
tribe.  We  have  already  fpoken  of  opals  and 
chalcedonies,  (§  ii.  c.)  ; the  fame  is  true  of  cor- 
nelians, gems,  (a)  &c.  We  have  alfo,  in  clay, 
a very  remarkable  inftance  of  the  effeCt  of  diffe- 
rent degrees  of  exficcation  ; for  this  fubftance, 
although,  when  crude,  it  attracts  water  ftrong- 
lv,  and  is  foftened  and  penetrated  by  it,  yet,  by 
a certain  degree  of  heat,  it  is  fo  condenfed  as  to 
rejeft  water;  and  at  length,  by  a very  intenfe 
heat,  it  acquires  a perfeCt  flinty  hardnefs.  In 
this  inftance,  the  very  fame  matter  exhibits  very 
different  degrees  of  cohefion  among  the  parti- 
cles ; and  it  is  elfewhere  demonftrated,  that, 
even  when  hardened  to  the  greateft  degree,  it 
yet  retains  an  argillaceous  nature : We  may 
therefore  juftly  conclude,  that  the  degree  of 
hardnefs  is  not  to  be  confided  in. 

(f)  The  value  of  the  hydrophanous  ftone  is 
eftimated  by  its  bulk,  the  quicknefs  of  the 
change,  and  the  elegance  of  its  colour.  Of  two 
equally  penetrable,  the  larger  muft  neceffariiy 

grow 
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grow  tranfparent  more  flowly  ; but  the  effect 
may  be  fomewhat  increafed  by  diminishing  the 
thicknefs  or  perpendicular  altitude,  the  length 
and  breadth  remaining  the  fame.  By  this  me- 
thod, many  of  them  may  be  brought  to  grow 
tranfparent  in  a few  feconas ; and  no  doubt  the 
wonder  is  much  diminifiied,  if  the  change  does 
not  take  place  under  the  eyes  of  the  obferver  : 
Befides,  if  feveral  hours  be  requifrte,  neither  can 
the  procefs  be  properly  examined ; nor  are  the 
air-bubbles  expelled  by  the  water  fufficiently 
vifible. 

The  colour  is  derived  from  iron  : Now,  as 
that  fubftance  often  differs  both  in  quantity  and 
quality,  a confiderable  difference  muff  arife, 
which  generally  varies  between  a yellow  and  a 
brown. 

(g)  That  the  opal  gives  admittance  to  water, 
we  have  already  obferved  ; but  the  change  is 
not  very  remarkable,  becaufe  it  is  of  itfelf  femi- 
tranfparent ; but  if  naturally,  by  fpontaneous 
calcination,  or  artificially,  by  a gentle  heat,  it 
contracts  an  opacity,  we  immediately  get  the 
hydrophanous  ftone.  To  make  the  opal  opaque 
when  dry,  by  means  of  fire,  requires  much  cau- 
tion ; for,  if  too  much  heat  be  applied,  efpeci- 
ally  fuddenly,  it  flies  into  fmall  pieces. 

(H)  The  change  is  accelerated  by  ufing  the 
water  hot,  as  it  penetrates  the  foramina  more 
readily  j and  the  foramina  themfelves  are  more 

3 open. 
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open,  on  account  of  the  heat  ; but,  whether  it 
be  hot  or  cold,  the  very  pured  water  fhould  al- 
ways be  ufed,  otherwife  the  done  will  gradually 
be  obfcured  ; for  any  water,  though  clear  as 
crydal,  leaves,  upon  evaporation  to  drynefs,  an 
earthy  refiduum.  When  the  water,  then,  which 
has  been  admitted,  is  gradually  didipated  by 
evaporation,  fomewhat  always  remains  behind  : 
This,  on  account  of  its  tenuity,  for  a long  time 
does  not  injure  the  tranfparency  ; but,  if  the  o- 
peration  be  frequently  repeated,  it  may  at  length 
become  vifible  ; but  this  may  be  eafily  removed 
by  acids,  if,  as  is  ufually  the  cafe,  it  is  of  a cal- 
careous nature.  I am  not  ignorant,  that,  in  this 
operation,  the  colouring  particles  of  tinged  li- 
quors are  excluded,  though  the  vehicles  pene- 
trate the  done  ; but  it  is  equally  true,  that  al- 
kaline lixivia  penetrate,  and,  of  confequence, 
calcareous  and  other  folutions  will  alfo  pene- 
trate. 

By  concentrated  vitriolic  acid,  alfo,  the  done 
acquires  tranfparency  ; but  fometimes  the  co- 
lour is  darkened  by  the  acid  remaining  in  the 
pores,  and  growing  blackifh  ; but  this  may  be 
removed  by  an  alkali.  But  the  nitrous  acid, 
highly  dephlegmated,  rather  dephlogidicates 
than  diffolves  the  iron  of  the  done,  and  occa- 
fionally  produces  various  hues  of  yellow  ; but, 
as  acid  mendrua  are  able  to  take  up  a little  of 
the  argillaceous  earth  as  well  as  the  iron,  (§  n. 
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E.),  there  is  no  doubt  but,  if  frequently  ufed, 
they  will  gradually  change  the  texture  'of  the 
Rone.  The  water  enters  at  the  firft  trial  more 
flowly  than  afterwards  : It  may  therefore  hap- 
pen, that  a Rone,  which  at  firff  fcarcely  admits 
water,  may,  by  lying  a proper  time  in  acids, 
have  its  foramina  opened  and  dilated  fo  as  to 
admit  it  freely. 

That  the  Rone,  when  tranfparent,  is  more 
ponderous  than  when  opaque,  experience  (hews, 
and  the  fluid  imbibed  will  eafily  explain  the 
-caufe.  • 

(1)  We  mu  A not  omit  mentioning,  that, 
when  the  hydrophanous  Rone,  rendered  tranf- 
parent, is  expofed  to  the  rays  of  the  fun,  or  to 
an  intenfe  light,  it  frequently  fliews  a fpark  or 
fpot,  flrining  with  peculiar  luflre,  which  changes 
to  different  parts  of  the  furface,  according  to  the 
fituation  of  the  light.  This  property,  which  be- 
longs to  opals  peculiarly,  but  not  exclufively,  is 
not  difficult  of  explanation,  as  the  hydrophanous 
Rone  is  of  the  nature  of  opals ; but  is  thus  far 
imperfedt,  that,  when  dry,  it  is  opaque  ; when 
wet,  however,  it  grows  tranfparent,  and  then 
acquires  completely  the  properties  of  the  opal. 
The  property  is  of  this  nature.  Let  l m n o, 
tab.  2.  represent  the  fedlion  of  an  opal,  of  a len- 
ticular or  ellipfoid  form  ; let  the  parallel  rays 
of  light  1 m 1 m,  &c.  fall  upon  it,  and  a light 
will  appear  in  the  oppofite  quadrant  above  m ; 

^ 4 in 
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in  proportion  as  the  incident  rays  are  more  o- 
blique,  the  fhining  fpot  is  more  narrow  and 
more  brilliant ; but  the  higher  the  luminous 
body  rifes,  the  larger  and  weaker  is  the  fhining 
fpot.  Let  a light  fall,  by  means  of  candles,  on 
both  right  and  left  quadrant,  and  two  oppofite 
lliining  fpots  will  appear,  but  weaker  than 
the  fingle.  In  open  air,  in  the  day-light,  the 
half  l m n appears  almoft  entirely  overfpread 
with  a refradted  light,  but  indefinite,  not  exhi- 
biting any  figure  ; yet,  when  light  is  admitted 
into  a chamber  through  a hole  in  the  window- 
fhutter,  the  fhining  fpot  reprefents  the  figure  of 
the  hole  : It  alfo  reprefents  the  figure  of  the 
flame,  and  that  in  an  erect  fituation,  if  1 repre- 
fents a lighted  candle,  or  the  fun  itfelf ; there- 
fore the  adjacent  rays,  coming  from  the  fame 
points,  are  refradled  within  the  ftone,  and  form 
the  figures  of  thefe  points.  When  the  incident 
rays  are  nearly  parallel  to  the  plane  n Qi  two  or 
more  curves  of  that  kind,  called  caujlic  by  re- 
fraction, diverge  from  m to  the  internal  parts  : 
Thofe  which  arife  from  refraction  from  the  op- 
pofite convex  part  o l,  are  feen  within  the 
flone,  but  thofe  which  are  generated  by  refrac- 
tion in  the  concave  part  l m n,  are  extended 
beyond  the  flone,  in  the  plane  n In  order 
to  obferve  thefe  phaenomena  diflindlly,  let  the 
lighted  candle  1 be  placed  at  a foot  ditlance 
from  the  perpendicular  r p,  palling  through  th§ 

eye 
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Aye  at  r,  placed  about  half  a foot  higher  than 
the  flame ; then  let  an  ellipfoid  opal  be  held 
upon  the  finger,  or  a card,  at  the  diftance  of  an 
inch  from  the  flame,  and  the  cauftic  curves  will 
appear  : If  the  ftone  finks  ever  fo  little  in  the 
line  n s,  parallel  to  r p,  a refulgent  point  will 
appear  within  the  mafs  at  m,  of  the  colour  of 
the  ray  which  paffes  through  it : But  at  o,  or 
the  furface,  a white  fpot  appears  ; when  it  de- 
fends a little  lower,  in  the  fame  right  line,  the 
points  change  into  flaming  figures  ; at  o,  a 
white  and  lefier  one  arifing  from  reflexion  ; at 


m,  one  coloured,  and  larger,  which  arifes  from 
refraction  : Ihefe  two,  upon  the  further  fink- 
ing of  the  ftone,  rife  and  meet  together  at  l. 
By  ufe  we  may  eafily  learn  to  produce  any  of 
thefe  varieties,  unlefs  the  figure  of  the  ftone  be 
improper,  as  upon  this  depends  both  the  number 
and  the  differences  of  the  curves.  The  colour 
of  the  figures  which  arife  from  refraCtion,  mu  ft 
neceffarily  be  the  fame  with  that  which  the  ftone 
tranfnuts ; for  it  is  known,  that  opals  feen  with 
refleaed  and  refraCted  light,  exhibit  different 
colours.  The  mountain  cryftals,  and  other  co- 
lourlefs  pellucid  ftones,  however  luitable  their 
form,  do  not  exhibit  thefe  phaenomena  diftinCt- 
ly-  Certain  vague  collections  of  light  may  be 
feen,  but  a peculiar  colour  is  neceffary  to  di- 
ftinguifh  the  form  of  fuch  appearances.  This 

colour 
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colour  is  here  wanting,  as  all  fpecies  of  rays  are 
tranfmitted. 

The  nature  of  our  fubjeft  forbids  the  intro- 
duction of  any  thing  more  geometrical,  as  what 
has  been  faid  is  fufficient  to  explain  the  true  na- 
ture and  origin  of  thefe  luminous  points.  We 
fhall  only  add,  that  the  (tars  which  appear  on 
the  furfaces  of  fpherical  pellucid  ftones  by  a 
particular  fituation  with  refpeCt  to  the  light,  are 
generally  nothing  more  than  a number  of  thefe 
cauftic  curves  proceeding  from  thd  fame  point. 
To  this  perhaps  may  be  referred  the  afteriae  of 
the  ancients. 

(k)  The  cruft  of  that  ftone  which  Born  calls 
the  fpathum  piceum , according  to  his  obferva- 
tions,  fometimes  grows  tranfparent  in  water, 
and  is  akin  to  the  opals  in  its  loofe  texture,  its 
not  ftrildng  fire  with  fteel,  in  breaking  fmooth, 
and  other  external  marks.  Upon  analyfis,  I 
found  it  for  the  moft  part  a pure  filiceous  earth, 
with  a little  clay,  and  an  exceeding  fmall  por- 
tion of  lime. 

§ iv.  Of  the  Hydrophanous  Steatite. 

Although  this  mutability  is  chiefly  found  in 
the  filiceous  ftones  of  a loofer  texture,  it  mull 
not  be  eonfidered  as  peculiar  to  them  alone. 
The  conditions  necefifary  for  this  purpofe  may 

alfo 
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alfo  be  found  in  the  other  tribes,  as  we  (hall 
here  prove  by  an  example. 

The  fteatites  vary  much,  both  in  colour  and 
fubtlety  of  parts,  as  is  well  known.  In  this  fpe- 
cies  alfo,  there  fometimes  occurs  a ftru&ure  of 
fuch  a kind  as  to  admit  water  ; and,  as  more 
than  half  the  weight  confifts  of  filiceous  parti- 
cles, frequently  pellucid,  it  may  be  eafily  un- 
derftood  how  this  may  be  rendered  more  tranf- 
parent : But  the  hydrophanous  fteatites,  being 
loaded  with  magnefia,  feldom  attains  the  fame 
degree  of  tranfparency  as  thofe  which  confift 
entirely  of  filiceous  earth,  which  are  alfo  more 
hard,  though  they  yield  in  beauty  and  variety 
of  colour  to  the  others.  Dr  Bruckman  men- 
tions red,  white,  grey,  and  green  fteatites,  pof- 
fefled  of  this  property  : Thefe  he  directs  to  be 
prepared  firft  by  boiling  in  an  alkaline  lixivi- 
um, and  then  in  vinegar. 

Experiments,  if  fufficiently  multiplied,  will 
doubtlefs  difcover  hydrophanous  (tones  in  other 
fpecies. 
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EARTH  OF  GEMS. 

■ 


§ i.  Various  Opinions  concerning  the  Earth  of  Genu , 
ROM  the  molt  remote  ages,  the  tranfpa- 


rency,  the  fplendour,  the  colour,  and  hard- 
nefs  of  gems,  have  attracted  the  attention  of 
mankind  ; fo  that,  not  only  in  the  time  of  The- 
ophraltus  the  Erefian,  they  were  dignified  by  the 
name  of  precious  (tones,  but  in  our  days,  this 
product  of  the  mineral  kingdom  is  very  dear, 
and  not  to  be  had  but  at  an  enormous  price  : 
But,  although  it  is  very  reafonable  to  admire, 
with  Pliny,  the  perfection  of  their  nature  ; yet, 
to  the  bulk  of  mankind,  more  folicitous  about 

* i 

external  glitter  than  internal  perfection,  they 
have  rather  fuggelted  the  idea  of  making  them 
fubfervient  to  vanity  and  luxury,  than  that  of 
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examining  their  real  perfections.  Their  fcarci- 
ty  and  extreme  dearnefs  for  a very  long  time, 
prevented  them  from  being  accurately  exami- 
ned ; from  whence  it  often  happened,  that  the 
wealthy  paid  dear  for  their  ignorance,  purcha- 
fing  the  fpurious  or  artificial  gems  as  genuine. 

In  the  mean  time,  mineralogifts  included 
them  in  their  fyftems  ; but,  as  they  trufted  too 
much  partly  to  external  appearances,  partly  to 
other  fallacious  marks,  it  was  impoffible  but 
they  muft  difagree  about  the  arrangement ; and 
certainly,  fo  long  as  their  analyfis  was  not  un- 
derftood,  no  man  could  (unlefs  accidentally) 
aflign  their  true  places,  as  long  as  it  was  un- 
known whether  their  earthy  bafe  was  fimple 
and  primitive,  or  compound  and  derivative. 
Such  as  rank  the  gems  among  faline  bodies, 
regard  chiefly  their  figure  ; but  thefe  men  do 
not  confider,  that  determinate  forms  by  no 
means  depend  upon  faline  nature,  (although 
fubftances  which  are  foluble  in  water,  are  in  a 
particular  manner  difpofed  ro  cryftallization), 
inafmuch  as  metallic,  inflammable,  and  earthy 
bodies,  afford  cryftals,  and  thofe  not  unfre- 
quently  of  a very  beautiful  kind  ; and,  in  ge- 
neral, the  property  of  cryftallizing  feems  to  be- 
long to  every  folid  body,  provided  its  particles 
be  fo  fubtilely  divided  and  fufpended,  (either  in 
the  dry  or  the  humid  way),  that,  wdrile  they  are 
again  concreting,  they  may  be  at  liberty  to  obey 

their 
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their  mutual  attraction,  and  affume  a fymmetri- 
cal  fituation.  In  falts  themfelves,  the  fpecies  of 
figure  depends  not  upon  the  acid,  nor  yet  upon 
the  bafe  which  is  united  to  it.  The  vegetable, 
as  well  as  the  mineral  alkali,  with  marine  acid, 
aflumes  a cubic  figure ; but  the  fame  acid,  with 
volatile  alkali,  terra  ponderofa,  mercury,  bif- 
muth,  cobalt,  and  other  fubftances,  aflumes 
forms  of  a very  different  kind.  If,  therefore. 
In  this  cafe,  the  acid  has  no  effect,  how  will  it 
aCt  when  it  cannot  be  diftinguifhed  by  any  ex- 
periment, but  its  prefence  is  inferred  by  bare 
conjecture  ? The  fame  may  be  faid  of  the  bafe  ; 
for  each  alkali,  with  different  acids,  yields  dif- 
fimilar  cryftals.  Alum  and  falited  cobalt,  when 
properly  cryftallized,  yield  oCtaedra,  a figure 
which  neither  correfponds  with  the  menftruum 
nor  the  bafe  ; and  what  are  we  to  think  of  the 
pyrites,  which  occafionally  exhibit  every  one  of 
the  regular  geometrical  figures  ? But  we  have 
no  need  of  multiplying  examples,  if  that  be 
known,  which  I think  has  been  already  fuffi- 
ciently  demonflrated,  namely,  that  from  a few 
primitive  forms  of  the  fame  fubftance,  a great 
many  derivatives,  and  thofe  very  diflimilar,  may 
arife.  Thefe  things  being  confidered,  I do  no: 
fee  with  what  propriety  the  diamond  and  the 
ruby  are  affociated  with  alum,  of  which  they  do 
not  (hew  the  flighted:  veftige  ; but  if,  after  all, 
we  are  rather  tc  trufl:  to  cccult  principles,  on 

this 
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this  foundation  we  may  make  alum  of  falited 
cobalt,  and  the  other  o&aedral  falts.  On  this 
hypothecs,  too,  the  cubic  diamond  would  be 
enumerated  along  with  fea  fait  j and  that  which 
is  an  hexagonal  prifm,  terminated  at  each  end 
by  three  rhombi,  among  the  fchoerls. 

Thofe  who  rank  the  gems  among  vitrefcible 
Rones,  befides  various  negative  criteria  of  leffer 
moment,  maintain  that  they  have  a glofly  ap- 
pearance, and  that,  in  fufion  with  fixed  alkali, 
they  run  into  a pellucid  glafs ; the  former  of 
thefe  circumftances  is  very  fallacious,  the  latter 
indeed  refers  to  a quality  more  effential.  But 
we  (hall  fee  hereafter,  what  experiments  fliew 
on  this  head.  Hardnefs  is,  in  general,  but  a 
very  vague  mark,  as  it  often  depends  entirely 
upon  the  degree  of  exficcation,  the  fubflance 
(till  remaining  the  fame,  as  appears  fufficiently 
in  foft  clay,  when  well  burned.  What  fome 
call  vitrefcent  earths,  others  denominate  filice- 
ous ; but  names  change  not  the  nature  of  things, 
thofe  being  the  belt  which  are  adapted  to  it. 

In  drawing  up  a fyftem  of  mineralogy,  if  the 
figure,  texture,  hardnefs,-  colour,  tranfparency, 
magnitude,  and  other  external  appearances, 
were  every  where  and  always  fufficient  to  diltin- 
guifti  mineral  bodies,  this  would  perhaps  (to 
beginners)  be  the  moffc  eafy  method  ; but  it 
fad  would  not  be  the  belt,  as  thefe  properties 
of  bodies,  wfiich  are  applicable  to  human  pur- 
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pofesj  are  derived  from  the  nature  of  the  confti- 
tuent  parts,  and  but  rarely  from  the  externa! 
appearance.  No  one  is  ignorant  how  fallacious 
fuperficial  characters  are,  at  leaft  no  one  who 
has  the  leaft  idea  of  modern  mineralogy.  But 
fuch  is  the  condition  of  man,  that,  when  he  is 
led  by  the  hope  of  fuccefs  to  attempt  impofiibi- 
lities,  a long  time  paffes  before  he  returns  to 
wifdom. 

Among  the  moft  modern  fyftems  of  minera- 
logy, the  moft  perfeCt  by -far  is  that  of  the  illu- 
ftrious  Cronftedt,  a fyftem  which  he  propofed 
with  fo  much  modefty  as  to  conceal  his  name. 
In  this  all  the  fubftances  are  arranged  according 
to  their  principles : If  he  fometimes  confiders 
thofe  as  fimple,  which,  in  reality,  are  compound, 
it  is  not  to  be  laid  to  his  charge,  as  thefe  errors 
proceeded  not  from  a defeCt  in  his  plan,  but 
from  the  want  of  a fufficient  number  of  experi- 
ments : If  he  has  not  every  where  found  out  the 
right  path,  he  always  feeks  it  with  candour,  and 
defcribes  it  with  precifion.  Treading  in  his 
fteps,  I have  for  many  years  laboured  in  the  a- 
nalyfis  of  the  mineral  kingdom,  in  queft  of  the 
foundations  for  a fyftem  of  natural  hiftory, 
more  exprefsly  adapted  to  the  improvement  of 
natural  philofophy,  and  the  advancement  of  pu- 
blic and  private  utility. 

In  various  little  effays  I have,  in  a curfory 
manner,  mentioned  the  conclufions  drawn  from 

my 
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my  experiments  : In  this  place,  I am  especially 
to  treat  of  gems,  in  which  clafs  thofe  cryflals 
only  are  generally  ranked,  which  very  much  ex- 
ceed the  mountain  cryflals  in  hardnefs. 

§ ii.  Habitudes  of  the  Gems  examined  by  the  Blow* 

Pipe. 

The  tube  which  goldfmiths  ule  for  foldering, 
and  which  is  employed  by  a few  other  artificers., 
is  well  adapted  for  experiments  in  mineralogy  ; 
Its  ufefulnefs  and  convenience  recommend  it 
much,  as  I have  at  large  mentioned  in  a treatife 
on  that  inflrument.  1 nis  is  of  the  greatefl  ufe 
in  the  examination  of  gems,  as  the  fmalleft 
pieces  that  can  be  taken  up  by  a forceps  ( which 
in  this  cafe  are  fufflciently  expenfive)  will  ferve 
for  thefe  experiments. 

It  is  neceffary,  at  the  very  firfl,  to  diftinguifh 
the  diamond  from  the  reft,  as  it  is  much  harder 
than  them,  and  alfo  differs  in  other  particulars. 

Powdered  diamond,  expofed  to  the  flame  on 
a piece  of  charcoal,  foon  grows  white,  but 
fcarcely  undergoes  a fenfible  change, ‘as  it  is 
difficult  to  keep  up  the  flame  conftantly  for  fo 
long  a time  as  is  neceffary  to  refolve  it  into  va- 
pour ; while,  at  the  fame  time,  for  fo  long  a 
continuance, . it  is  fcarce  poflible  to  avoid  fome 

fmall  inequality  in  the  blowing,  which  will  feat- 
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ter  it  about.  In  this  refpeft,  other  gems  entire- 
ly agree  with  the  diamond. 

In  order  to  obtain  folutions  of  minerals  by 
the  via  ficca , I employ  chiefly  three  different 
kind  of  falts,  namely,  an  acid,  an  alkaline,  and 
a neutral.  I am  not  acquainted  with  any  acid 
which  can  endure  the  fire  upon  charcoal,  except 
that  of  the  microcofinic  fait.  This  fait  is  neu- 
tral, but  triple,  containing  both  the  volatile  and 
mineral  alkali.  The  phofphoric  acid,  faturated 
with  volatile  alkali,  cannot  be  brought  to  cryf- 
tallize  ; which  yet  always  happens,  upon  the  ac- 
ceflion  of  a proper  quantity  of  mineral  alkali, 
and  the  triple  fait  which  refults  from  hence,  is 
commonly  called  microcofmic  fait.  Upon  fu- 
fion  on  the  charcoal,  this  fends  forth  its  volatile 
alkali ; fo  that  the  portion  of  acid  which  had 
been  before  faturated  with  it,  being  now  fet  at 
liberty,  is  the  better  able  to  exert  its  effects  up- 
on other  bodies.  I make  choice  of  the  mineral 
alkali  well  depurated ; the  vegetable,  on  account 
of  its  deliquefcence,  is  lefs  proper.  Of  late,  I 
make  ufe  of  borax,  as  being  a fait  nearly  neu- 
tral, both  the  principles  of  which  are  fixed  in 
the  fire,  and  are  much  diipofed  to  vitrification. 

I have  tried  the  effe&s  of  thefe  falts  upon  the 
gems.  The  microcofinic  fait  attacks  them  with 
difficulty,  yet  diffolves  them ; and,  with  refpett 
to  this  fait,  there  is  a remarkable  difference  be- 
tween the  diamond  and  all  the  other  gems  j for 
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k fmall  piece,  or  a very  fubtile  powder  of  it,  ini- 
taerfed  in  a globule  of  this  fait  in  fufion,  during 
the  fufion  immediately  floats  upon  the  furface.* 
at  fir  ft  fending  forth  flowly  a few  bubbles, 
which,  upon  continuing  the  operation,  entirely 
ceafe.  If  the  apex  of  the  flame  be  kept  con- 
ftantly  on  the  powder,  it  is  gradually  diminifh- 
ed,  but  is  partly  confumed  by  the  fire,  partly 
difiipated  by  the  blaft,  and  the  refiduum,  which 
is  very  fmall,  perhaps  diffolved.  The  particles 
of  the  other  gems  enter  into,  and  remain  in  the 
fufed  fait  without  effervefcence:  They  wheel  cir- 
cularly about  with  great  velocity,  and  are  by  de- 
grees taken  up,  yielding  w?ater-coloured  globules, 
unlefs  when  they  are  coloured,  which,  on  vitri- 
fying, they  fometimes  are,  efpecially  when  hot, 
Thefe  gems,  therefore,  are  fixed  to  the  falts  by 
a more  powerful  attraction  than  the  diamond, 
which,  on  the  contrary,  fliews  a fort  of  repulfion. 

The  mineral  alkali,  fufed  in  a filver  fpoon, 
[charcoal  abforbs  it]  takes  up  the  fmalleft  par- 
ticles of  gems,  and,  notwithftanding  a long  con- 
tinued flame,  fcarcely  diminifhes  them  j yet  the 
emerald  is  refolved  into  a powder,  but  a refrac- 
tory one.  The  diamond  feems  to  elude  its  force 
altogether,  as  will  appear  from  what  follows. 

Borax  diffolves  them  alraoft  in  the  fame  man- 
ner as  microcofmic  fait,  but  fomewhat  more 
quickly,  and  without  any  effervefcence  ; but  the 
diamond  is  more  weakly  attacked  ; fo  that,  af- 
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ter  a long-continued  fufion,  the  globule  adheres 
to  the  charcoal  ; and  the  powder  lying  on  the 
furface  is  in  the  mean  time  diftipated. 

The  powdered  diamond,  before  it  is  exami- 
ned, mult  be  depurated  by  aqua  regia  ; for  all 
that  which  is  for  fale,  abounds  with  heterogene- 
ous matters,  as  we  fliall  fee  hereafter,  (§m.  b.). 
As  the  diamond  exceeds  all  the  reft  in  hardnefs, 
as  it  is  by  fire  difiipated  into  fmoke,  and  in  all 
its  habits  differs  from  the  reft,  which  in  general 
agree  with  one  another  ; thefe  fliall  in  the  future 
be  fpecifically  comprehended  under  the  name  of 
gems. 

The  habits  above  defcribed,  efpecially  thofe 
with  the  mineral  alkali,  diftinguifh  the  gems 
very  completely  from  the  mountain  cryftals, 
which  are  not  only  taken  up  by  alkali,  but  alfo 
with  a vehement  ebullition  or  effervefcence  : 
Thofe  artificially  made,  which  confift  of  an  hy- 
aline, or  coloured  glafs,  immediately  betray 
themfelves,  by  fufing  without  any  addition. 

Hence  it  appears,  that  the  diamond  and  the 
gems  form  genera  as  much  diftindl  as  quartz, 
garnet,  fchoerl,  and  many  ftones ; yet  it  re- 
mains to  be  examined,  whether  the  earthy  bafe 
of  each  be  primitive  or  derivative  ; and,  if  the 
latter  be  the  cafe,  what  fimple  elements,  and  in 
what  proportion,  conftitute  it  ? Thefe  queftions 
cannot  be  anfwered  but  by  the  via  bumida,  to 
which  we  (hall  therefore  have  recourfe. 

§ in. 


OF  THE  EARTH  OF  GEMS.  2; 


§ hi.  Cautions  to  be  obferved , and  Difficulties 
occurring  in  the  Analyfis  of  Gems. 

In  this  examination  many  obftacles  occur, 
the  chief  of  which  we  fnall  confider  feparately. 

(a)  The  dearnefs  of  the  matter  not  only  per- 
fuades,  but  obliges  us  to  ufe  fmall  quantities  • 
and,  in  the  operation,  we  muft  be  very  cautious 
to  avoid  the  lofs  or  addition  of  any  thing,  as,  in 
an  experiment  on  fo  fmall  a quantity,  the  lead 
difference  is  of  great  confequence,  though,  in  a 
larger  quantity,  it  might  be  almoft  entirely  ne- 
glected. 

(b)  Pulverizing  the  gems  is  attended  with 
many  inconveniencies  : They  are  poffeffed  of 
fuch  a degree  of  hardnefs,  that  they  are  in  this 
refpect  fuperior  to  all  other  bodies.  When  im- 
merfed,  red  hot,  in  cold  water,  they  become 
fcarcely  more  friable,  though  by  this  method 
the  mod  folid  mountain  cryffals  are  very  eafily 
comminuted.  Struck  by  the  hammer  on  an  an- 
vil, the  grains  of  mountain  cryftal  fplit  in  gene- 
ral, but  the  fragments  often  fly  about ; and,  as 
to  the  diamond,  it  frequently  penetrates  both  the 
anvil  and  the  hammer.  The  diamond-powder 
which  is  for  fale,  contains  heterogeneous  mat- 
ters. From  that  which  I got  from  the  Baron 
Alltromer,  and  which  had  been  lately  brought 
from  Antwerp,  aqua  regia  extracted  0,12,  with- 
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out  the  afliftance  of  heat.  The  menftruum, 
thus  loaded,  was  yellow.  Fixed  alkali  threw 
down  a whitifh  powder,  which,  expofed  alone 
to  the  blow-pipe,  melted  into  an  opake  globule, 
of  a metallic  appearance.  This  effervefced  with 
lime,  with  borax,  and  microcofmic  fait ; but 
the  globule,  with  microcofmic  fait,  when  loaded 
with  a certain  quantity,  grew  red  on  cooling, 
palling  in  a fingle  inftant  from  the  moft  fplendid 
reddilh  tranfparency  to  opacity.  There  is  no 
doubt  but  that  this  foreign  mixture  is  owing  to 
the  inftruments  made  ufe  of ; for  which  reafon, 
the  powdefed  diamond  is  fold  at  a fmaller  price 
than  pieces  of  diamond  fo  fmall  that  they  are  of 
no  ufe  but  for  pulverization. 

The  other  gems  are  much  more  eafily  com- 
minuted, and  at  length  may  be  united  with  wa- 
ter. While  the  pure  water  is  milky,  it  is  to  be 
carefully  decanted,  and  frefh  poured  on  repeat- 
edly, until  by  degrees  the  whole  mafs  has  ac- 
quired fuch  a degree  of  fubtilty,  that  it  can  re- 
main fufpended,  though  remaining  at  reft  for 
fome  minutes.  The  moft  extenfive  furface  pof- 
ftble  is  necefiary,  that  the  menftrua  may  be  able 
to  loofen  the  clofe  connection  of  the  primitive 
principles ; but,  as  the  agate  is  much  inferior, 
in  hardnefs,  to  the  gems,  fomething  of  the  fili- 
ceous  earth  tnuft  neceflarily  be  abraded,  even 
by  the  moft  gentle  triture,  which  is  mixed,  and, 
although  known  as  to  its  nature,  nearly  un- 
known 
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known  as  to  quantity,  unlefs  by  weighing  the 
veffel  exadly  before  and  after,  efpecially  if  it  be 
convenient  to  make  experiments  upon  fmall 
quantities  only. 

(c)  It  is  not  a little  difficult  to  procure  fuch 
veflels  as  are  fit  for  thefe  experiments  in  the  dry 
way.  The  common  crucibles  have  rough  fur- 
faces  filled  with  little  holes,  which  hide  a quan- 
tity of  the  matter  very  confiderable,  where  ex- 
periments are  made  upon  minute  portions ; and, 
what  is  flill  worfe,  they  confifl  of  argillaceous 
and  filiceous  earth  mixed,  which  muff  render 
our  conclufion  fallacious  and  uncertain,  efpeci- 
ally when  fixed  alkali  is  ufed.  In  order  .to  dif- 
cover  the  effeft  produced  by  this  circumflance, 
I made  the  following  experiment : A final!  Hef- 
fian  crucible,  exa&Ly  balanced,  weighed  1,585 
affay  pounds.  Into  this  I put  100  of  dry  fait  of 
tartar,  and  expofed  it  for  37  minutes  to  a melt- 
ing heat ; but,  upon  cooling,  I found  no  more 
than  1,645  y f°  that  40  pounds  had  flown  off, 
owing,  no  doubt,  to  the  aerial  acid  and  the  moi- 
fture  ; the  former  adhering  to  the  alkali,  the  lat- 
ter both  to  the  fait  and  the  crucible.  The  fufed 
pellucid  mafs,  at  the  bottom,  at  firfl  refembled 
a glafs,  but  was  by  degrees  obfcured  by  attrac- 
ting the  watery  vapours  from  the  atmofphere. 
.This  I firfl:  wafhed  with  warm  water,  which, 
when  decanted  off',  formed  a jelly.  When  well 
wafhed,  firfl  with  vitriolic  acid,  then  with  warm 
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water,  and  dried,  it  weighed  12  lb.  which,  up- 
on examination,  appeared  to  be  altogether  fili- 
ceous.  The  folution  precipitated  by  fixed  al- 
kali, gave  6 lb.  of  earth  of  alum ; befides,  the 
crucible  was  remarkably  Corroded,  particularly 
about  the  furface  of  the  fufed  mafs.  Hence  the 
particles  and  fragments  which  were  feparated  in 
the  wafiiing,  when  dried,  weighed  10  lb.  ; but 
the  crucible  itfelf,  well  walked  and  dried,  now 
weighed  1,594  lb.  which  is  greater  than  its 
weight  when  new  : Therefore,  as  12  + 6+  1 o 
= 28,  and  1,585  — 28  = 1,557,  and  I»594~ 
1 55 57  — 37>  ’lt  1S  manifeft>  that,  during  the  fu- 
fion,  the  fixed  alkali  had  extracted  12  lb.  of  fi- 
liceous  earth,  that  is,  nearly  i its  own  weight, 
and  6 of  clay,  or  nearly  ; and  that  befides 
the  crucible  retained  3 7 lb.  of  fixed  alkali, 
which  covered  the  bottom  with  a vitreous  cruft 
not  at  all  foluble  in  water.  Thefe  circumftan- 
ces  Ihew  plainly,  that  we  muft  not  truft  to  the 
crucible,  in  decompofing  the  feveral  genera  of 
earths  by  the  dry  way,  as  it  will  fuperadd  hete- 
rogeneous matters,  or  at  leaft  change  the  pro- 
portions of  the  principles. 

In  the  examination  of  quartz,  I have  for  many 
years  made  ufe  of  the  iron  dilhes  which  are  de- 
scribed in  the  Treatife  de  Terris  Geoponicis. 
It  is  well  known,  that  the  common  rods  of  this 
metal  are  of  a parallelopiped  form,  two  of  whofe 
cppolite  fides  are  broader  than  the  other  two. 
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I made  choice  of  forged  iron  of  the  bed  kind. 
The  rod  I had  cut  into  pieces  of  an  inch  in 
length ; and  on  each  of  the  broader  furfaces,  I 
hollowed  out  a fegment  of  a fphere.  In  thefe 
cavities,  when  cleaned  and  poliffied,  I put  the 
mixtures  with  alkali,  and,  by  an  iron  cover, 
prevented  the  falling  in  of  allies  and  coals.  I 
alfo  made  trial  of  another  metal,  namely,  plati- 
na,  precipitated  from  aqua  regis  by  fal  ammoni- 
ac, and  afterwards  fufed  by  microcofmic  fait, 
and  then  formed,  by  hammering,  into  a little 
cup  ; but  the  large  pieces  of  regulus  obtained 
this  way  were  brittle ; and  none  but  thofe  which 
were  very  fmall,  were  fo  perfe&ly  fufed  as  to  be 
malleable.  The  little  cups  made  of  this  metal 
could  therefore  only  contain  a few  grains  ; but, 
if  they  can  ever  be  obtained  of  a proper  fize, 
they  will  be  in  all  refpe&s  the  bed,  as  being  in- 
fufible  by  fire  ; and  if,  at  fird,  they  be  diffident- 
ly boiled  in  marine  acid,  the  maffes  afterwards 
fufed  in  them  will  not  be  adulterated  with  any 
iron : They  may  indeed  be  elixated  by  any  acid 
mendruum,  except  aqua  regis. 

If  the  mineral  earths  are  fufed  in  iron  diffies, 
by  means  of  alkaline  falts,  a confiderable  quan- 
tity of  the  iron  is  mixed  with  them,  which  ren- 
ders the  reparation  of  their  primary  principles 
extremely  difficult ; but,  by  a proper  regulation 
of  the  degree  of  fire,  the  defired  end  may  be 
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obtained  without  any  inconvenience,  as  we  fhall 
hereafter  fee. 

(d)  In  thefe  experiments,  it  is  neceflary  to 
have  the  menftrua  much  purer  than  they  are 
generally  found.  The  vitriolic  acid  which  is 
for  fale,  is  adulterated  with  a variety  of  hetero- 
geneous matters,  and,  among  others,  fometimes 
with  gypfuin  and  vitriol,  which  occafions  a con- 
fiderable  difference  in  inquiries  fuch  as  ours. 
No  other,  therefore,  is  to  be  employed  but  fuch 
as  has  paffed  over  from  a low  cucurbit  by  a 
gentle  diftillation. 

The  other  acids,  too,  require  to  be  depurated 
by  a peculiar  diftillation  ; for  it  is  particularly 
neceffary  that  they  be  freed  from  all  earthy  or 
metallic  mixture,  as  fuch  muft  confound  the 
quantity  and  quality  of  the  principles  which  are 
explored  by  the  analyfis. 

The  common  alkali  of  tartar  is  always  adul- 
terated with  filiceous  atoms,  the  weight  of  which 
frequently  amounts  to  0,02  : Thefe  in  the  ftrong 
acids  immediately  are  feparated,  but,  being  uni- 
ted with  the  alkali,  remain  in  the  watery  folu- 
tion  until  the  menftruum  has  attracted  aerial 
acid  from  the  atmofphere,  which  proceeds  very 
flowly  ; for  this  reafon,  in  experiments  which 
require  much  accuracy,  I ufe  no  other  alkali 
than  the  mineral  well  depurated,  or  the  vege- 
table .extracted  by  diflilled  water  from  cream  of 
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tartar  in  a well-burned  glafs  veffel,  which  mani- 
fefts  no  figns  of  filiceous  earth. 

§ iv.  Power  of  Adds  in  decompofing  the  Gems. 

There  are  only  yet  difeovered  five  fpecies  of 
earths,  which  are  fo  fimple  that  they  cannot,  by 
any  means  hitherto  known,  be  refolved  into 
more  fimple  ones,  nor  be  tranfmuted  one  into 
the  other.  Thefe  are  therefore  called  primitive 
earths,  and  that  with  juftice,  until  new  experi- 
ments evince  the  contrary.  Thefe  are  terra 
ponderofa,  lime,  magnefia,  argillaceous  and  fili- 
ceous earth.  It  cannot  be  denied,  that  it  is  not 
altogether  without  probability  fome  imagine 
that  the  number  of  thefe  earths  fhould  be  dimi- 
nifhed,  confidering  them  all  as  modifications  of 
one  ; but,  in  the  explanation  of  nature,  we  muff 
not  fo  far  indulge  conjeQure,  as  to  fuffer  the 
vain  phantafms  of  imagination  to  prevail  over 
phaenomena  confirmed  by  conftant  experience, 
and  not  impeached  by  a fingle  experiment, 
when  made  with  accuracy.  Four  of  the  above 
mentioned  earths  are  foluble  in  certain  acids  ; 
the  fifth  alone  reje&s  all  acids,  except  that  of 
the  mineral  fluor.  If,  therefore,  fome  of  thefe, 
in  greater  or  lefs  number,  be  united  into  one 
mafs,  chemiftry  is  able  to  feparate  them  all  by 
the  ufe  of  appropriated  menftrua  : Enlarging 
the  furface  of  contact  aflifts  the  aftion  of  the 
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menftruum  very  much ; the  earth  muft  there- 
fore  be  reduced  to  a very  fubtile  powder.  Some- 
times, however,  mechanical  divifton  is  not  luffi- 
cient,  and  the  operation  muft  be  performed 
chemically,  which,  in  the  prefent  inftance,  is 
done  in  the  dry  way,  by  means  of  an  alkaline 
lak,  which,  by  attacking  the  filiceous  earth, 
loofens  the  connexion  of  the  principles.  To 
what  degree  the  ufe  of  mechanical  pulverization 
alone  may  be  carried,  we  ftiall  foon  fee. 

(a)  Vitriolic  acid  did  not  attack  the  diamond 
in  any  way  in  which  I have  hitherto  employed 
it ; but  I muft  confefs,  that  I made  ufe  only  of 
very  fmall  portions : I chofe  the  fmalleft  frag- 
ments of  the  thinned:  lamellae,  being  very  rea- 
fonably  diftruftful  of  the  powder  which  is  for 
fale.  A double  weight  of  vitriolic  acid,  highly 
concentrated,  added  to  a very  fubtile  powder  of 
the  other  gems,  and  afterwards  difcharged,  by 
boiling  to  drynefs,  operates  very  powerfully ; 
for  the  refiduum,  elixated  with  warm  water, 
yields  not  only  a metallic  colouring  fubftance, 
but  a fmall  portion  of  lime.  The  metallic  part, 
precipitated  by  a phlogifticated  alkaline  lixivi- 
um, yields  a beautiful  Pruflian  blue  ; fo  that 
from  hence  it  clearly  appears,  that  the  red  co- 
lour of  the  ruby,  as  well  as  the  blue  of  the 
fapphire,  the  yellow  of  the  topaz,  the  tawny  of 
the  hyacinth,  and  the  green  of  the  emerald,  is 
to  be  attributed  to  iron,  the  quantity  of  which 
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I determined  by  that  of  the  blue  precipitate. 
As  1 have  elfevvhere  ( b ) demonftrated,  that  fix 
parts  of  the  Pruffian  blue  are  obtained  from  one 
of  the  diffolved  iron,  I precipitated  the  calcare- 
ous matters  with  an  alkali,  and  it  was  found  fo 
pure,  that,  with  vitriolic  acid,  it  did  not  (hew 
the  finalleft  traces  of  argillaceous  earth,  except 
in  the  decompofition  of  the  fapphire.  Below 
are  found  the  quantities  extracted  from  100 
affay  pounds,  expreffed  in  hundredth  parts,  or 
fingle  pounds. 


Aerated 

lime. 

Iron. 

ruby,  red  - 

- oriental 

9 

— IO 

fapphire,  blue 

- oriental 

7 

2 

topaz,  yellow 

- Saxon 

8 

— 6 

hyacinth,  tawny  - 

- oriental 

20 

— 13 

emerald,  green  - 

- oriental 

— 4 

By  this  method  all  the  calcareous  earth  and 
iron  are  extra&ed,  as  will  appear  hereafter. 

(b)  Concentrated  nitrous  acid,  by  digeftion 
and  decottion,  yielded  nearly  the  fame  refult. 
I ufed  eight  times  the  quantity  of  this  men- 
ftruum,  continued  the  digeftion  for  two  days, 
and  the  boiling  for  an  hour.  I cautioufly  de- 
canted off  the  clear  liquor,  and  poured  on  again 
the  fame  quantity  of  menftruum,  digefted,  and 
then  boiled  it.  This  operation  I repeated  twice 

more. 


(£)  De  Min.  Doc.  hum. 


94  OF  THE  EARTH  OF  GEMS. 


more,  and  then  flopped,  as  the  lad  liquor  con- 
tained very  little  diffolved  matter. 

Thefe  liquors,  collected  and  precipitated,  gave 
nearly  the  fame  refult  as  mentioned  in  a,  at 
lead  with  regard  to  the  lime  ; and,  in  the  iron, 
the  difference  never  exceeded  0,02.  The  ni- 
trous acid,  efpecially  when  affided  by  heat,  de- 
phlogidicates  the  iron,  and,  in  that  cafe,  takes 
it  up  with  great  difficulty  : Hence  too,  in  this 
experiment,  the  iron  was  mixed  with  a little 
ochre. 

The  diamond  rejeCts  this  mendruum  as  -well 
the  former. 

( c ) I employed  the  concentrated  marine,  as 
well  as  nitrous  acid  ; and  with  the  fame  fuccefs, 
except  that  it  extracted  the  iron  better  than  even 
vitriolic  acid,  but  the  difference  did  not  exceed 
0,01. 

We  fee,  therefore,  that  from  the  gems  pro- 
perly fo  called,  a fmall  quantity  of  lime  and  iron 
may  be  extracted  by  acid  mendrua ; but,  as 
what  is  extracted  fcarcely  amounts  to  y of  the 
whole,  and,  after  the  feparation,  the  refiduum  is 
nearly  of  the  fame  nature  as  before,  I began  to 
conjecture  that  the  extracted  part  is  accidental, 
and  that  the  refiduum  conditutes  the  particular 
primitive  earth  j and  this  is  an  opinion  which  I 
have  publifhed  in  other  works.  In  the  mean 
time,  however,  the  few  vediges  of  argillaceous 
earth  wffiich  are  extracted  from  the  fapphire,  and 
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which  fometimes  amount  to  0,02,  ftarted  a 
fcruple  of  great  weight ; as  I had  often  before 
experienced,  that  bodies  which,  notwithftanding 
the  mod  fubdle  mechanical  pulverization,  ap- 
pear infoluble,  yet,  upon  being  diffolved  in  an- 
other menftruum,  are  afterwards  adtually  taken 
up  by  the  very  menllrua  which  before  were  in- 
effe&ual : 1 therefore  tried  in  many  ways  to  ef- 
fect my  purpofe.  One  part  of  alkaline  fait,  by 
means  of  a due  degree  of  fire,  reduces  two  parts 
of  quartz  or  flint  to  a tranfparent  ftrong  glafs  5 
but,  as  the  proportion  of  fait  is  increafed,  the 
glafs  becomes  the  worfe,  and  is  not  only  corro- 
ded by  acids,  but,  if  it  contains  a double  quan- 
tity of  fait,  deliquiates  in  the  open  air.  By  this 
method  a glafs  may  be  had  foluble  in  water. 
The  gems  could  not  heretofore  be  reduced  to 
tranfparent  maffes  by  means  of  alkali,  and  a qua- 
druple quantity  of  fait  is  requifite  to  make  them 
coalefce  in  fufion  to  a certain  degree  ; but,  as 
this  operation  cannot  fafely  be  performed  but  in 
iron  veffels,  in  which  cafe  the  mafs  not  only  ad- 
heres obftinately  to  the  veffel,  but  is  at  the  fame 
time  loaded  with  iron,  this  method  is  liable  to 
great  inconveniencies  5 but,  upon  trial,  I have 
found  that  fufion  is  not  neceflary,  and  that  the 
purpofe  is  equally  anfwered,  if  the  quantity  of 
alkali  be  fuch  that  the  particles  may  coalefce  by 
an  incipient  fufion.  Hence  refults  a method 
which  I have  found  extremely  convenient  in  the 
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examination  of  minerals,  the  application  of 
which  to  the  gems  I am  now  to  defcribe. 

§ v.  Method  by  which  the  Proximate  Principles 
of  Gems  are  mojl  eafily  determined . 

(a)  The  gems  are  to  be  reduced  to  a moll 
fubtile  powder,  which  may  be  effected  by  tritu- 
ration and  elutriation. 

(b)  A determined  weight  of  this  powder  (the 
larger  the  quantity  the  better)  is  to  be  mixed 
with  double  its  weight  of  depurated  mineral  al- 
kali, which  has  undergone  fpontaneous  calcina- 
tion. 

(c)  Let  the  mixture  be  put  into  an  iron  difh, 
the  infide  of  which  fhould  be  fmooth  and  polifli- 
ed,  left  the  fmall  pieces,  which  by  calcination 
eafily  feparate  from  the  metal,  be  mixed  with 
the  contents  of  the  veffel. 

(d)  Let  the  difh  be  placed  in  a wind-furnace, 
upon  a tile,  and  covered  by  an  inverted  cruci- 
ble, to  keep  off  the  coals  and  allies. 

(e)  Let  it  be  kept  moderately  hot  for  three 
or  four  hours  : If  the  heat  be  too  great,  the  mafs 
adheres  to  the  bottom  of  the  veffel.  A blaft  is 
not  to  be  employed,  left  the  iron  fliould  fwell, 
and  go  off  in  fcorias. 

The  firmnefs  and  coherence  of  the  mafs,  and 
its  being  eafdy  feparable  from  the  veffel,  with- 
out any  mixture,  Ihew  that  the  fire  has  been 
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properly  regulated,  which  may  be  ealily  learned 
by  a few  trials. 

(f)  Let  the  mafs,  carefully  feparated  from 
the  veffel,  be  powdered  in  an  agate  mortar ; 
and  let  all  that  is  foluble  be  extra&ed  from  it 
by  marine  acid,  in  a digelting  heat. 

I hat  nothing  more  remains  to  be  extracted, 
may  in  fome  meafure  be  judged  by  the  light 
and  fpongy  nature  of  the  refiduum,  but  more 
ceitainly  by  the  addition  of  a new  portion  of 

acid,  which,  when  digefted  for  feveral  hours, 
does  not  take  up  any  thing. 

(g)  The  folution  being  finifhed,  the  refiduuin 
is  colle&ed  and  wafhed  well,  dried,  and  weigh- 
ed. The  deficiency  of  the  former  weight  deter- 
mines the  quantity  diffolved. 

(h)  The  folution  is  yellow,  which  indicates 
the  prefence  of  iron  : This  is  yet  more  certainly 
msnifefted  by  an  alkaline  phlogifticated  lixivi- 
um ; and  therefore  the  folution  fhould  be  firffc 
precipitated  by  this,  properly  faturated.  The 
Pruflian  blue  is  collected,  wafhed,  and  dried;  the 
fixth  part  of  which  indicates  the  quantity  of  iron. 

(0  The  earth,  freed  from  all  the  metallic 
parts,  is  precipitated  by  a fixed  alkali,  purified 
completely  from  filiceous  earth.  Let  the  preci- 
pitate wafhed,  dried,  kept  red  hot  for  half  an 
hour,  and  then  weighed,  be  plunged  into  fix 
ices  its  weight  of  drilled  Vinegar,  which  in 
e cold  m the  fpace  of  an  hour,  will  diffolve 
V°l<  "•  G a» 
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all  the  lime,  magnefia,  or  terra  ponderofa  which 
is  prefent,  but  does  not  take  up  any  confiderable 
portion  of  clay,  unlefs  by  a long  digeftion. 

(k)  The  vinegar  filtered  yields  to  an  aerated 
fixed  alkali  all  the  earth  which  it  held  difi'olved, 
which  mud  be  edulcorated  and  weighed.  I 
mention  particularly  an  aerated  fixed  alkali,  as 
fuch  an  one  precipitates  even  terra  ponderofa, 
which  eludes  the  caultic  alkali. 

(l)  The  nature  of  the  precipitate  thrown 
down  from  the  vinegar,  is  next  to  be  examined. 
If  this  be  put  into  diluted  vitriolic  acid,  the 
middle  fait  generated  will  readily  determine  the 
bafe ; for,  with  terra  ponderofa,  this  acid  gene- 
rates fpathum  ponderofum  infoluble  in  warm 
water,  though  a thoufand  times  its  quantity. 
With  lime  it  produces  gypfum,  which  excites 
fcarcely  any  fenfation  of  tafte,  and  diiTolves  in 
five  hundred  times  its  weight  of  warm  water, 
but  is  immediately  thrown  down  from  this  folu- 
tion  by  acid  of  fugar.  in  the  form  of  faccharated 
lime.  With  magnefia  it  forms  Epfom  fait,  ex- 
tremely bitter,  foluble  in  its  own  weight  of 
warm  water,  and  quickly  deftru&ible  by  lime- 
water. 

(m)  The  refiduum  colle&ed  (g)  mult  alfo  be 
examined,  which  is  belt  done  by  the  blow-pipe. 
Thefe  refidua,  in  finatl  portions,  mult  undoubt- 
edly be  very  minute,  and  therefore  fhould  not 
be  treated  in  large  veffels  : Befides,  the  ordina- 

. • n 


99 


OF;  THE  EARTH  OF  GEMS. 

ry  crucibles  are  by  no  means  fit,  where  filiceous 
earth  is  concerned  ; nor  are  veftels  of  iron  fafe- 
ly  to  be  ufed,  as  fufion  is  necefiary,  (§  hi.  c.). 
Thefe  infoluble  refid  a a are  found  to  confifl:  ei- 
ther of  particles  of  gems  not  yet  fufficiently  di- 
vided, or  of  filiceous  earth,  as  all  the  other 
earths  yield  to  the  force  of  the  acid. 

This  operation  is  eafily  performed  by  the 
blow-pipe,  in  the  following  manner  : Let  a 
piece  of  mineral  alkali  be  fufed  in  a filver  fpoon, 
and  to  it  be  added  a fmall  quantity  of  the  reft* 
duum  ; the  circumftances  of  their  union  are 
then  to  be  carefully  obferved  ; for,  if  the  reft- 
duum  enters  the  fufed  alkali  with  a vehement 
effervefcence,  and  is  all  quickly  diffolved,  it  is 
truly  filiceous  j but,  if  it  enters  without  efrer- 
vefcence,  and  afterwards  continues  rolling  a- 
bout  in  form  of  a powder,  (which,  as  the  fufed 
mafs  is  tranfparent,  may  eafily  be  feen),  we  may 
conclude  that  there  ftill  remain  in  it  fome  par- 
ticles of  the  gem. 

(n)  The  refiduum  mentioned  (l)  has  been 
alledged  to  be  argillaceous ; but  to  demonftrate 
this,  let  it  be  treated  with  thrice  its  weight  of 
concentrated  vitriolic  acid,  fo  that  the  liquor 
may  evaporate  to  drynefs ; the  remaining  mafs, 
if  the  bafe  be  argillaceous,  will  diffolve  in  twice 
its  weight  of  warm  water,  produce  a fweetifh 
aflringent  tafte  in  the  mouth,  yield  oftaedral 
cryftals,  be  quickly  precipitated  by  cauftic  vola- 
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tile  alkali,  and  exhibit  the  other  chara&ers  by 
which  alum  is  diftinguifhed. 

§ vi.  Proximate  Principles  of  the  Gems. 

I have  examined  the  gems  in  the  manner 
above  defcribed.  The  refiduum  of  g I found 
' purely  filiceous ; the  precipitate  of  h,  a genu- 
ine Pruffian  blue  ; that  part  diffolved  by  diftil- 
led  vinegar  in  k,  wholly  calcareous ; and  what 
remained  undiffolved,.  argillaceous  ; fo  that  I 
entertain  no  doubt  concerning  the  quality  of 
the  principles.  As  to  the  quantity  and  relative 
proportions,  many  experiments  are  neceifary  to 
determine  that  point ; for  I have  only  ufed  very 
fmall  quantities,  not  exceeding  an  affay  hun- 
dred. Upon  fubje&ing  the  matter  of  the  fame 
cryftal  twice  to  experiment,  a difference  occur- 
red fcarce  exceeding  ; but  different  cry- 
ftals,  v.  g.  different  rubies,  differed  more,  even 
to  0,07.  Doubtlefs  in  every  fpecies  the  pro- 
portions may  vary  a little,  within  certain  limits, 
which  yet  remain  to  be  difcovered. 

Here  follow  the  mean  quantities  extra&ed 
from  each  100,  according  to  my  experiments. 
As  the  argillaceous  earth  forms  the  largeft  part 
of  all  of  them,  I have  arranged  them  according 
to  the  quantity  of  that  ingredient. 
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Clay. 

Siliceous 

Earth. 

Lime.  Iron. 

Emerald 

- - 60 

24 

8 

6 

Sapphire 

. . 58 

35 

5 

2 

Topaz 

- - 46 

39 

8 

6 

Hyacinth 

40 

2 5 

20 

*3 

Ruby 

- 40 

39 

9 

10 

By  clay,  I 

mean  nothing  more 

than 

the  earth 

of  alum,  which  is  found  in  all  clay  mixed  witfy 
filiceous  powder,  (§  v.  n.).  By  filiceous  earth, 
I underhand  fuch  as  principally  conflitutes  pure 
quartz,  mountain  cryflal,  and  flints,  (§  vii.J. 
The  numbers  in  the  third  column  point  out 
aerated  lime.  A doubt  may  indeed  be  flatted, 
whether  it  enters  into  the  compofition  pure  or 
aerated  : If  the  latter  be  the  cafe,  the  clofenefs 
of  its  connexion  with  the  other  principles,  and 
the  fmallnefs  of  its  quantity,  which  never  ex- 
ceeds  and  is  in  general  lefs  than  may  be 
fufficient  to  prevent  any  diminution  of  weight 
in  the  fire,  or  any  vifible  effervefcence  with  a- 
cids ; but  the  deficiency  of  weight  which  never- 
thelefs  occurs,  feems  to  indicate  that  it  enters 
the  compofition  aerated.  Out  of  ioo  parts,  one 
or  two  are  eafily  diffipated  in  the  various  ope- 
rations in  different  veffels  and  filters,  which  ac- 
counts for  fome  of  the  deficiencies  in  the  above 
table;  but  5,  8,  and  much  lefs  12  parts,  could 
not  efcape  proper  accuracy  in  that  analyfis, 

G 3 which 
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which  laft  would  be  the  cafe  in  the  decompofi- 
tion  of  the  hyacinth,  on  the  fuppofition  that  the 
lime  was  prefent,  free  from  aerial  acid.  1 could 
obferve  nothing  volatile,  after  an  expofition  of 
feveral  hours,  to  a white  heat ; nor  upon  the 
addition  of  acids  is  any  thing  fublimed  while 
they  pafs  over  into  the  receiver. 

The  laft  column  fhews  the  quantity  of  metal- 
lic iron,  which,  diflolved  in  acids,  and  precipi- 
tated by  phlogifticated  alkali,  yields  a quantity 
of  dark  Pruffian  blue  equal  to  that  obtaine4 
from  the  feveral  gems  refpe&ively,  (§  v.  h.) 
Now,  the  iron  is  here  prefent  in  a calcined  date, 
and  this  metal,  like  others,  has  its  weight  in- 
creafed  by  calcination,  fometimes  amounting 
even  to  0,36 : Hence  it  follows,  that  the  quan- 
tity of  martial  ingredients  is  fomewhat  greater 
than  is  denoted  by  the  numbers  ; and  this  me- 
tal gives  birth  to  different  colours,  not  only  in 
proportion  to  its  quantity,  but  its  quality,  that 
is,  the  quantity  and  modification  of  the  phlo- 
gifton  remaining  in  the  calx. 

From  the  above,  it  may  alfo  be  collected, 
that  the  gems  agree  in  this  refpect ; that  they 
all  confift  of  the  fame  principles  ; and  that  of 
thefe,  the  argillaceous  earth  forms  the  greated 
part,  then  the  filiceous,  next  the  calcareous, 
and  lead  of  all  the  iron.  The  two  fird  ingre- 
dients vary  extremely. 


The 
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The  knowledge  of  the  principles  muft  necef- 
farily  throw  fome  light  on  the  properties,  Thefe 
gems  exceed  all  other  bodies  in  hardnefs,  the 
diamond  excepted  \ and  we  find  upon  analyfis, 
that  they  abound  in  argillaceous  earth.  Hence 
vve  may  form  fome  judgment  of  the  prodigious 
degree  of  exficcation  requifite  to  occafion  iuch 
a degree  of  hardnefs.  The  heat  of  the  tempe- 
rate zone  is  found  infufficient  for  this  purpofe, 
•and  the  more  confiant  and  intenfe  heat  of  the 
tropical  climate  is  requifite.  Condenfation  is 
the  necelTary  confequence  of  this  hardnefs  : 
lienee  the  gems  are  more  ponderous  than  the 
other  earthy  cryftals. 

The  gems,  except  emerald  and  hyacinth,  re- 
lift the  moft  intenfe  fire  ; yet  we  know,  that  the 
ruby  has  been  foftened  in  the  focus  of  a burn- 
ing mirror.  Experience  alfo  /hews,  that  the 
lour  principles  of  which  they  are  compofed,  ac- 
cording to  their  various  proportions,  form  mix- 
tures with  very  different  degrees  of  fufibility. 
Fixed  alkali  attracts  filiceous  earth  very  power- 
fully, but  fcarcely  acts  upon  argillaceous  earth 
or  lime : Hence  it  is  with  difficulty  it  adds  upon 
the  gems,  in  which  not  only  the  filiceous  earth 
is  in  fmall  quantity,  but  is  alfo  clofely  united 
with  the  other  principles  ; yet,  in  the  emerald, 
which  is  inferior  in  hardnefs  to  the  reft,  the 
loofer  texture  permits  the  alkali  to  attack  the 
filiceous  earth  more  readily  ; hence,  when  ex- 
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pofed  to  the  blow  pipe  with  this  fait,  it  is  re- 
iolved  into  a powder,  with  a momentary  effer- 
vefcence.  The  microcofmic  fait  diffolves  lime 
and  argillaceous  earth  very  well,  but  hardly  the 
filiceous  ; yet,  as  this  is  but  in  fmall  quantity, 
by  means  of  the  former  the  latter  is  taken  up, 
though  {lowly.  Finally,  borax,  which,  in  the 
dry  method,  ftrongly  attracts  all  the  principles, 
diffolves  their  combinations  more  eafily  than  the 
other  falts. 

The  fame  kind  of  delay  which  the  argillace- 
ous and  calcareous  earths  occafion  in  the  action 
of  fixed  alkali,  by  covering  the  filiceous  earth, 
does  the  clofe  union  of  that  earth  with  them  oc- 
cafion to  acid  menftrua ; fo  that,  without  fome 
previous  preparation  with  alkali,  fcarcely  any 
thing  can  be  extricated,  except  the  lime  and  the 
metallic  part. 

\ 

§ vil.  Cryjials  allied  to  the  Gems . 

Upon  confidering  what  has  been  faid,  I be. 
lieve  no  one  will  deny,  that,  in  a fyftem  of  na- 
tural hiftory,  the  gems  belong  to  the  tribe  of 
compound  argillaceous  fubftances ; but,  as  na- 
ture operates  by  infenfible  degrees,  it  will  not 
be  improper  here  to  confider  other  cryftals 
which  are  nearly  related  to  the  gems  ; for,  by 
increafing  the  proportion  of  filiceous  earth,  a 

great  number  of  fubftances,  compofed  of  the 

fame 
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fame  materials,  will  appear,  differing  from  them 
more  or  lefs.  To  this  clafs  belongs  a number 
of  (tones,  fuch  as  garnet,  fchoerl,  zeolith,  and 
quartz.:  The  two  former  of  thefe,  examined  in 
the  fame  way  as  the  gems,  (§  v.),  exhibit  the 
fame  principles ; but  in  thofe  the  filiceous  earth 
predominates  over  the  argillaceous ; yet  is  the 
connection  of  the  principles  fo  clofe,  that  the 
garnet  always  (trikes  fire  with  (teel,  and  the  - 
fchoerl  not  unfrequently.  Thefe  are  followed 
by  the  zeolith,  the  texture  of  which  is  fo  lax, 
that  acids  feparate  its  conftituent  parts,  without 
any  other  previous  preparation  than  a mechani- 
cal pulverization.  The  zeolith  very  feldom 
(trikes  fire  with  (teel,  yet  is  fometimes  found 
hard  enough  for  that  purpofe.  Such  is  the 
white  zeolith  of  Mount  Moeffeberg  in  Weft 
Gothland,  and  the  green  in  the  gold  mine  at 
Adelfors : It  is  alfo  very  feldom  tranfparent. 
The  quartz  forms  as  it  were  the  extreme  link 
of  the  chain  ; for  this  abounds  fo  much  with 
filiceous  earth,  as  almoft  to  conceal  the  other 
principles.  If  the  analyfis  be  attempted  with  a 
double  quantity  of  mineral  alkali,  it  is  extreme- 
ly difficult  to  moderate  the  fire  fo  as  to  prevent 
fufion ; the  fait  muft  therefore  be  reduced  to 
If  the  menftrua  be  afterwards  employed  in 
the  manner  defcribed  for  the  gems,  very  little 
clay  or  lime  is  obtained.  I am  not  certain  whe- 
ther there  be  any  mountain  cryftals  entirely  fili- 
ceous. 
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ceous,  which  perhaps  may  he  the  cafe.  I have 
long  fince  declared,  that  I did  not  difcover  any 
argillaceous  earth  ; but,  at  the  fame  time,  I ob- 
ferved  that  the  experiment  was  imperfeCt. 

It  will  be  proper  to  conclude,  by  eftablifhing 
the  characters  of  the  (tones  which  have  been  ac- 
curately examined,  (for  the  benefit  of  minera- 
logifts),  and,  at  the  fame  time,  to  explain  their 
genefis  and  connections. 

We  (hall  firft  define  tnofe  which  belong  to 
the  clafs  of  argillacea  ; concerning  which, 
though  the  chief  circumftances  have  been  al- 
ready mentioned,  I think  it  fit  to  repeat  them  in 
a compendious  way,  and  then  go  on  to  the 
filicea. 

The  Gem. 

A fmall  piece  of  this,  expofed  on  charcoal  to 
the  blow-pipe,  does  not  flow ; but,  by  a very- 
long  continued  flame,  the  hyacinth  and  emerald, 
to  which  we  may  add  the  aqua-marinus  and  the 
cryfolith,  are  foftened  and  rendered  opake. 

Fufed  with  the  mineral  alkali  in  a filver  fpoon, 
no  effervefcence  is  obferved,  nor  any  diminu- 
tion, except  in  the  emerald,  the  aqua-marinus, 
and  the  cryfolith,  which  are  as  it  were  upon  the 
confines  of  the  fchoerls : Thefe  are  refolved  in- 
to a powder,  but  a refraCtory  one,  which  re- 
volves in  the  globule  of  fait,  without  any  fenfi- 
ble  diminution. 


It 
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It  is  diffolved,  though  flowly,  by  the  micro- 
cofmic  fait,  without  any  commotion.  Glafs  is 
not  tinged,  unlefs  by  the  red  ruby,  which  co- 
lours it  of  a beautiful  green  : It  remains  nearly 
tranfparent  with  the  reft  : With  the  hyacinth 
and  emerald  it  grows  opake  upon  cooling. 

With  borax,  it  difappears  a little  fooner.  An 
addition  of  lime  aftifts  the  foiution,  which  was 
firft  obferved  by  the  celebrated  D.  Quift,  and 
agrees  extremely  well  with  its  known  compofi- 
tion. 

The  acids,  by  long  digeftion,  extrafl:  a fmali 
portion  of  the  lime  and  iron  ; but,  if  the  gem 
has  been  previoufly  treated  with  alkali,  they  al- 
fo  take  up  the  clay  ; fo  that  the  fiiiceous  earth 
alone  remains  undiflolved. 

In  general,  the  gems  confift  of  an  argillace- 
ous earth,  which  forms  the  greateft  part  j then 
fiiiceous  earth  ; then  lime  j and,  finally,  iron 
varioufly  modified.  The  proportions  of  each 
fpecies  muft  be  determined  by  a great  number 
of  experiments.  It  alfo  remains  to  be  determi- 
ned, whether  the  various  colours  of  each  fpecies 
occafion  any  diverfity ; and  whether  the  hexa- 
gonal or  oftaedral  prifmatic  form  conftantly  in- 
dicates any  remarkable  variety  in  the  compofi- 
tion. 

The  ruby  is  generally  of  an  o&aedral  form  j 
iomstimes,  top,  accidentally,  fqhoerlaceous.  A- 

nalyfis 
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nalyfis  has  not  yet  determined  the  compofition 
of  any  prifmatic  ruby. 

The  fapphire  is  fometimes  found  cryftallized 
like  quartz  ; fometimes  it  bears  the  form  of  an 
oblique  parallelopiped  j fometimes,  as  authors 
relate,  it  is  odlaedral. 

The  topaz  commonly  affe&s  either  a cubic  or 
parallelopiped  form,  in  fuch  a manner,  however, 
that  the  figure  is  feldom  complete ; but  the 
number  of  fides  is  augmented  by  the  defied!  in 
the  prifm  itfelf,  and  particularly  in  the  margin 
of  the  plane  extremity. 

The  hyacinth  alfo  exhibits  a tetragonal  prifm, 
but  terminated  by  a pyramid,  (tab.  i.  fig.  2.). 

The  emerald  is  generally  an  hexagonal  prifm, 
truncated  at  right  angles. 

No  perfon  devoted  to  the  ftudy  of  mineralogy 
fiiould  forget  of  how  little  confequence  external 
marks  are,  efpecially  as  flones  by  triture  be- 
come Ihapelefs,  or  at  lead;  irregular.  Science 
has  much  to  expedt  from  the  analyfis  of  cryftals, 
both  of  the  fame  and  different  figures,  although, 
before  the  compofition  can  be  examined,  they 
muft  be  artificially  deprived  of  their  natural 
form. 

The  fpecies  of  gems  is  ufually  determined 
by  the  hardnefs ; and  by  that  quality  particu- 
larly, together  with  the  clearnefs,  has  their  good- 
nefs  been  eftimated.  The  fpinellus  is  particu- 
larly worthy  of  observation,  which  is  not  only 

powdered 
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powdered  by  the  fapphire,  but  even  by  the  to- 
paz ; as  alfo  the  cryfolith,  which  is  broken 
down  by  the  mountain  cryftal,  the  hardnefs  of 
which  feems  rather  to  be  owing  to  the  degree  of 
exficcation  than  the  proportion  of  ingredients. 
The  analyfis  of  fpinellus,  of  cryfolith,  and  other 
varieties,  will  fometimes  illuftrate  the  true  con- 
nection ; otherwife,  after  the  diamond,  the  firft 
degree  of  hardnefs  belongs  to  the  ruby,,  the  fe- 
cond  to  fapphire,  third  to  the  topaz,  next  to 
which  comes  the  genuine  hyacinth,  and,  fourth, 
the  emerald. 

Formerly,  colour  was  entirely  confided  in  ; 
but  now,  neither  can  a red  characterize  the  ruby, 
a blue  the  fapphire,  a yellow  the  topaz,  or  a 
green  the  emerald. 

The  fpecific  gravity  varies  fo  much,  that  from 
it  nothing  certain  can  be  determined  concerning 
the  fpecies  ; but  the  topaz  is  generally  moll 
weighty,  from  3,460  to  4,560  ; the  next  is  the 
ruby,  from  3,180  to  4,240  ; then  the  fapphire, 
from  3,650  to  3,940  ; and,  finally,  the  emerald, 
from  2,780  to  3,711  : Among  the  varieties  of 
which  laft,  the  cryfolith  is  moll  ponderous. 

The  Garnet. 

A fmall  piece  expofed  to  the  flame  flows 
without  ebullition,  fometimes  into  a green  pel- 
lucid globule,  fometimes  into  a black  fcoria. 

With 


no  OF  THE  EARTH  OF  GEMS. 


With  mineral  alkali  it  refolves  into  a refrac- 
tory  powder  fo  llowly,  that  fcarce  any  effervef- 
cence  is  obferved  : When  the  iron  predomi- 
nates, the  mafs  grows  brown. 

With  microcofmic  fait  it  diffolves,  without 
any  appearance  of  bubbles,  yielding  a glafs, 
which  is  green  or  blackilh,  if  much  iron  be  pre- 
fent. 

With  borax  the  fame  circumftances  take 
place. 

The  acids  extraft  fcarce  any  thing  more  than 
the  lime  and  iron  ; but,  after  preparation  with 
alkali,  they  alfo  take  up  the  clay,  which  being 
feparated,  the  filiceous  earth  remains  alone. 

The  filiceous  earth  forms  the  greateft  part ; 
next  the  argillaceous ; the  calcareous  is  in  Rill 
fmaller  quantity. 

The  iron  varies  much  ; the  pellucid  cryftals 
contain  about  0,02  ; the  opake  and  black  fome- 
times  fo  far  as  0,2  : Lead  is  feldom  prefent. 
The  cryftals  which  contain  tin,  called  zingrau- 
pen,  are  nearly  allied  to  the  garnets. 

The  form,  when  complete,  is  dodecaedral, 
confifting  of  equal  rhombi  : This  may  be  con- 
ceived as  an  hexagonal  prifm,  terminated  at 
each  end  by  three  rhombi.  It  fometimes  puts 
on  the  hyacinthine  form,  though  but  feldom 
complete,  efpecially  when  loaded  with  tin  : The 
varieties  are  manifold  ; the  internal  texture  is 
laminated,  though  not  confpicuoufly. 


It 
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It  yields  in  hardnefs  to  the  topaz,  but  exceeds 
the  mountain  cryftal. 

The  colour  of  pellucid  garnet  is  red,  fome- 
times  more  or  lefs  verging  to  yellow,  fometimes 
to  violet : That  of  the  opake  is  yellow,  red,  or 
blackifh. 

It  approaches  neareft  to  the  topaz  in  fpecific 
gravity  ; and,  when  copioufly  loaded  with  iron, 
fcarcely  exceeds  it,  being  from  3,600  to  4,600. 

The  Schoerl. 

A fmall  piece  expofed  to  the  flame  foams 
flightly,  and  grows  foft,  but  can  fcarcely  be  col- 
lected into  a globule,  as  is  the  cafe  with  the 
turmalin  of  Ceylon,  which  is  akin  to  this,  as 
alfo  with  the  fquamous  fchoerl,  called  horn- 
blend. 

With  the  mineral  alkali  it  refolves  into  a 
powder,  with  a flight  and  almofl  momentary 
effervefcence. 

With  microcofmic  fait  it  diflolves  with  a flight 
effervefcence  j and,  on  the  addition  of  a greater 
quantity,  the  globule  begins  to  grow  opake. 

With  borax  the  cafe  is  the  fame  ; but  the 
globule  remains  clear,  unlefs  made  blackifh  by 
a large  quantity  of  iron. 

By  long  digeftion  the  acids  extraft  the  calca- 
reous earth,  the  metallic  part,  and  even  a great 
quantity  of  the  clay  j but,  by  previous  prepara- 
tion 
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tion  with  alkali,  the  more  foluble  parts  feparate 
from  the  filiceous  earth. 

. The  filiceous  earth  is  in  fomewhat  greater 
quantity  than  in  the  garnet ; the  argillaceous 
is  next  in  order  ; laft,  the  calcareous.  The 
martial  ingredient  forms  about  0,04  in  the  pel- 
lucid cryltals  ; in  the  opake,  particularly  the 
black,  it  fometimes  amounts  to  0,2. 

Its  cryftalline  form,  when  complete,  is  the 
fame  with  that  of  the  garnet,  only  the  prifm  is 
more  elongated ; but  it  is  very  feldom  found 
perfect : Hence  the  defeft  of  apices  and  prifms 
of  a greater  number  of  fides.  The  angular 
longitudinal  excavations  are  doubtlefs  the  ve- 
ftiges  of  cryftalline  fpiculae  formed  at  the  fame 
time ; the  horn-blend  is  generally  found  con- 
creted into  fquamous  fquare  lamellas ; the  tex- 
ture is  fpathaceous,  though  not  always  confpi- 
cuous. 

It  fcarcely  exceeds  the  mountain  cryftal  in 
hardnefs ; but  the  prifmatic  may  often  be  cut 
by  a knife  ; the  fquamous  always. 

The  colour  of  the  tranilucid  cryftals  is  yellow 
or  brown,  but  generally  green  ; the  opaque 
black  or  green. 

It  is  nearly  equal  in  fpecific  gravity  to  tha/ 
garnet,  between  3,000  and  4,000  ; the  clear 
cryftals  are  generally  lighter. 

The 
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The  7*  eolith. 


ill 


A fmall  piece  expofed  to  the  flame  fwells  up 
like  borax,  with  the  greater  vehemence  in  pro- 
portion as  it  is  more  cryftalline  ; it  finally  goes 
off  in  a fpumous  fcoria,  and  can  very  feldom  be 
brought  into  a globule  : A few  varieties  of  it 
fhow  a momentary  expanfion  of  volume,  and 
that  without  any  ebullition. 

With  the  microcofmic  fait  it  fwells  in  diffol- 
ving,  but  flowly,  and  the  globule  remains  clear. 

With  borax  it  dili'olves  in  the  fame  manner. 

The  acids  extract  every  thing  that  is  foluble, 
without  previous  preparation  with  alkali,  nay 
fometimes  they  refolve  it  into  a jelly. 

In  this,  too,  the  filiceous  earth  is  more  abun- 
dant than  the  argillaceous ; the  calcareous  makes 
the  fmalleff  part  j the  iron  fcarcely  exceeds 


0,01. 


i he  form  or  the  cryftals  is  feldom  prifinatic  \ 
generally  an  imperfett  pyramid  : Many  diverge 
from  the  fame  point,  with  broad  extremities, 
and  often  coalefce  into  fmall  fpheres. 

Its  hardnels  is  feldom  fo  great  as  to  ffrike 

Are  with  flint  j generally  it  will  not  even  cut 
glafs. 

The  colour  white  and  red,  fometimes  green, 
very  feldom  tranfparent. 

is  nut  ui  gieat  fpecrfic  gravity,  fcarce  ex<- 
ceeding  2,100. 
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From  what  has  been  faid,  it  plainly  appears, 
that  the  garnet,  the  fchoerl,  and  the  zeolith,  are 
united  in  the  fame  degree  of  affinity  as'the  ruby, 
the  fapphire,  the  topaz,  the  hyacinth,  and  the 
emerald  ; yet,  in  fyftematic  arrangement,  the 
three  firft  named  are  placed  not  only  under  dif- 
ferent genera,  but  often  under  different  orders. 
The  hardnefs  increafes  in  proportion  to  the  clay. 
From  the  zeolith,  through  the  fchoerl,  to  the 
garnet,  we  may  follow  the  natural  chain,  by  de- 
scending through  the  faxum  trapp.  to  the  mar- 
ga.  In  this  there  occurs  no  more  than  a me- 
chanical mixture.  Every  clay  which  I have  had 
an  opportunity  of  examining  contains  filiceous 
particles,  liner  or  coarfer,  mixed  with  it,  but 
always  exceeding  the  weight  of  half  the  mafs, 
frequently  amounting  to  0,7,  nay  to  0,8  ; it  is 
generally  alfo  mixed  with  iron,  from  0,03  to 
0,20.  Let  us  now  fuppofe  the  accefs  of  a little 
calcareous  earth,  and  we  fhall  have  the  marga, 
which  is  difcovered  by  an  effervefeence  in  acids, 
although  the  calcareous  earth  does  not  exceed 
0,02.  In  the  faxum  trapp.  analyfis  difcovers 
the  fame  principles,  not  feparate,  as  in  the  for- 
mer cafe,  but  united,  and  that  not  merely  by 
induration,  but  by  a fpecies  of  rude  cryftalliza- 
tion  ; for  the  microfcope  difcovers  the  texture  to 
be  fpiculated  or  granulated.  Suppofe  this  to  be 
reckoned  among. the  faxa,  the  diftinguilhing 
property  of  which  is  to  exhibit  particles  of  dif- 
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ferent  natures,  didinguifhable  by  the  eye ; it 
will  at  lead  be  found  the  mod  fubtile  of  mecha- 
nical compofitions,  and  condituting  a link  of 
the  chain  which  unites  the  faxa  ivith  thofe 
which,  although  compounded,  are  yet  fo  ho- 
mogeneous and  concreted,  by  the  attra&ion  of 
their  parts,  that  the  eye,  even  affided  by  the 
glafs,  cannot  didinguifh  their  condituent  parts, 
as  all  the  integrant  parts  contain  the  fame  pro- 
ximate principles,  and  in  the  fame  proportion 
as  the  whole  does.  To  this  belong  the  gems, 
the  garnet,  the  fchoerl,  the  zeolith,  and  other 
derivative  earths,  which  Mr  Crondedt  confiders 


as  primitive. 

I leave  it  to  be  determined  whether  crydals 
may  be  formed  without  the  help  of  any  other 
mendruum  than  water.  To  me  it  appears  very 
probable,  that  any  fluid  vehicle,  even  though 
not  a folvent,  may  be  diffident  for  this  purpofe, 
provided  the  minute  atoms  are  fo  fufpended  in 
it,  that  they  may  freely  obey  the  laws  of  their 


mutual  attra&ion.  The  very  minute  molecules 
exeit  attra&ions  proportioned  to  the  amplitude 
of  their  furfaces,  a force  which  is  deficient  in 
larger  particles.  More  or  lefs  of  water  alfo 
feeim  to  enter  the  texture  of  dony  crydals,  al- 
though, by  age  and  exdccation,  this  is  general- 
ly expelled.  The  foaming  of  the  zeolith  in  the 
fire,  is  owing  to  moifture  going  off  in  the  form 
0 vapour ; and,  no  doubt,  it  is  a fmaller  quan- 
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tity  of  this  that  occafions  the  leffer  ebullition  in 
the  fchoerl,  hill  lefs  in  the  garnet,  while  there 
occurs  none  at  all  in  the  gems. 

The  petrofilices  alfo  contain  filiceous,  argil- 
laceous, and  calcareous  earth,  intimately  united. 

On  the  other  hand,  we  may  fhew  the  progrefs 
of  gems,  through  the  mountain  crydals  to  the 
pure  flints.  The  cleared  crydals  of  quartz 
which  come  from  Jetland,  treated  with  y of  mi- 
neral alkali,  (§  v.),  afterwards  yielded  to  acids 
0,06  of  clay,  and  0,01  of  calcareous  earth  ; fo 
•that  the  fame  principles  are  found  as  before.  If 
any  one  fufpeds  that  the  whole  of  the  infoluble 
refiduum,  by  fucceflive  preparation  with  alkali, 
might  in  like  manner  be  refolved  into  argillace- 
ous and  calcareous  earth,  I can  inform  him  that 
I have  made  the  attempt  in  vain. 

§ viii.  Of  the  Diamond. 

As  the  diamond  is  confeffedly  the  chief  of 
the  gems,  commonly  fo  called,  I have  in  the 
preceding  pages  only  mentioned  fuc’n  circum- 
ftances  concerning  it  as  ferve  to  evince  that  it 
differs  effentially  from  the  red.  I am  far  from 
being  able  to  illuftrate  this  difference  further  by 
a perfect  analyfis ; yet  it  may  not  perhaps  be 
altogether  ufelefs  to  mention  fo  much  as  1 have 
been  able  to  difcover.  This  operation  is  ex- 
tremely difficult,  partly  on  account  of  the  ex- 
travagant 
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travagant  price  which  is  required  for  fuch  quan- 
tities as  are  neceffary  to  make  experiments  which 
can  be  relied  on,  partly  on  account  of  the  na- 
ture of  the  (tone  itfelf.  I11  order,  therefore,  to 
fmooth  the  way,  by  removing  obftacles,  for 
thofe  whom  curiofity  may  invite  to  the  exami- 
nation of  this  gem,  and  whom  circumftances 
permit  to  proceed  more  eafily  than  I have  been 
able  to  do,  1 fhall  relate  fuch  circumffances  as  i 
have  difcovered. 

The  diamond  differs  from  the  ruby  and  the 
other  gems  (as  has  been  faid  before)  by  a degree 
of  hardnefs  unknown  in  any  other  production 
of  nature,  and  particularly  by  its  fugacity  in  a 
moderate  heat,  (fuch  as  is  fufficient  to  melt  lil- 
verj,  or  rather  by  its  flow  deflagration ; for, 
when  made  completely  of  a white  heat,  it  not 
only  fenfibly  diminifhes  in  bulk,  but  is  fur- 
rounded  by  a little  flame  or  cloud  : But,  fo  far 
as  I know,  the  cubic  or  fchoerl-formed  dia- 
monds have  not  yet  been  duly  expofed  to  fire  ; 
fo  that  it  remains  to  be  difcovered  experimen- 
tally, whether  thofe  alfo  entirely  fly  off,  and,  if 
noL,  they  muff  lofe  the  name  of  diamonds. 

ihe  diamond,  urged  by  a very  intenfe  heat, 
contracts  a fort  of  foot  upon  its  furface. 

We  now  proceed  to  examine  its  habits  with 
refpeCt  to  menftrua, 

(a;  The  powder  fit  for  thefe  experiments  is 
to  be  had  by  rubbing  two  diamonds,  entirely 

^ 3 deprived 
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deprived  of  their  external  covering,  againfl  one 
another,  (for  it  is  yet  doubtful  whether  the  cor- 
tical part  be  entirely  of  the  fame  nature  with 
the  nucleus).  Such  a pulverization  requires 
larger  diamonds  than  it  was  in  my  power  to 
procure  upon  this  occafion  ; I was  therefore 
obliged  to  content  myfelf  with  the  examination 
of  the  powder  which  is  for  fale.  It  is  reported 
of  the  diamond,  that  it  yields  a powder  nearly 
black  ; which  is  certainly  true  of  the  powder 
that  is  fold  : But  this  colour  is  not  to  be  confi- 
dered  as  natural,  as  the  blacknefs  can  be  eafily 
extracted  by  acids,  the  particles  remaining  white; 
fo  that  the  colour  muft  be  owing  either  to  the 
inftruments  employed,  or  to  the  cortical  part  of 
the  ftone.  Yet  it  may  happen,  that  black  dia- 
monds, which  cannot  be  converted  to  other 
ufes,  may  be  pulverized  ; and,  no  doubt,  in  this 
cafe,  the  colour  udll  be  more  fixed. 

(b)  This  powder,  when  well  depurated  by 
aqua  regia,  eludes  the  force  of  other  acids ; yet 
with  the  vitriolic  acid  it  exhibits  a curious  phae- 
nomenon.  This  menflruum,  poured  upon  the 
powder,  and  evaporated  to  a final  1 quantity, 
grows  black,  and  depofits  black  peilicles,  which 
it  is  very  difficult  to  dry.  Thefe  pellicles  take 
fire  upon  the  approach  of  flame,  and  are  almoft 
entirely  confumed,  at  lead  they  leave  fo  minute 
a refiduum,  that  the  nature  of  it  could  not  be 
examined.  It  is  a queflion  whether  this  is  the 

veftige 
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veftige  of  a footy  matter  : I could  not  obferve 
the  lmoke  of  phlogifticated  vitriolic  acid  pro- 
ceeding from  the  fire. 

(c)  I treated  the  depurated  powder  with  three 
times  its  quantity  of  mineral  alkali,  in  the  man- 
ner above  defcribed,  (§  v.).  After  remaining 
three  hours  in  the  fire,  the  powder  did  not  fhew 
a fenfible  cohefion  ; however,  I extracted  the 
foluble  part  by  marine  acid,  and  then  attempted 
a precipitation  with  vegetable  alkali ; and,  in 
fatt,  a light,  whitifh,  fpongy  fubftance  was 
thrown  down,  which  diffolved  in  all  the  mineral 
acids,  but  with  the  vitriolic  produced  neither 
fpathum  ponderofum,  nor  gypfum,  nor  Epfom 
fait,  nor  perfect  alum : It  concreted  indeed  into 
cryftals,  but  of  an  irregular  form,  eafily  foluble. 
in  water,  which  liquefied  by  the  blow-pipe,  and 
were  then  abforbed  by  the  charcoal : They  were 
of  an  acid,  yet  auflere  tafte. 

(d)  I again  treated  the  undiflolved  powder 
mentioned  in  c with  double  its  quantity  of  mi- 
neral alkali : This  concreted  into  a firm  mafs, 
from  whence  it  appeared  that  its  nature  was  at 
length  fenfibly  changed.  I elixated  with  marine 
acid,  and,  by  means  of  vegetable  alkali,  preci- 
pitated a portion  of  earth  fimilar  to  that  obtain- 
ed in  the  former  operation  ; but  the  infoluble 
refiduum  hill  floated  on  microcofmic  fait  and 
borax  in  fufion,  as  related  in  § n.  A very  fmall 
portion  of  it  entered  the  mineral  alkali  with  ef- 
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fervefcence,  but  was  no  further  difl'olved  ; be- 
fides,  the  quantity  was  too  fmall  to  be  fubjedted 
to  further  experiment. 

(f)  Thefe  experiments,  although  they  fhew 
that-  the  analyfis  of  the  diamond  is  difficult,  fhew 
alfo  that  it  is  not  impoffible.  That  there  is  pre- 
fent  a portion  of  filiceous  earth,  but  very  clofely 
united  to  the  other  principles,  feems  to  be  indi- 
cated by  the  flow  adtion  of  the  alkali.  The  pre- 
cipitates fhew  that  there  is  an  earth  foluble  in 
acids,  the  nature  of  which  remains  to  be  difco- 
vered  by  employing  a larger  quantity.  The  de- 
flagration, the  foot,  and  the  black  pellicles,  fhew 
the  prefence  of  an  inflammable  matter,  unlefs 
we  rather  fuppofe  them  owing  to  heterogeneous 
matters  adhering  to  the  powder  for  fale. 

(g)  As  the  microcofmic  fait  feems  to  diffolve 
fomewhat  of  the  diamond  by  long  fufion  upon 
charcoal,  I put  feveral  globules  much  loaded 
with  it  into  dillilled  water,  hoping  that,  if  it  con- 
tained any,  this,  united  with  the  phofphoric  acid, 
would  be  difl'olved  in  the  water,  and  might  then 
be  feparated  by  fixed  alkali : Nor  was  1 entirely 
difappointed  ; the  globules  fell  to  pieces,  the  in- 
foluble  part  of  the  powder  fell  to  the  bottom, 
the  reft  was  difl'olved  by  the  water,  and  again 
feparated  by  an  aikali,  but  it  fell  very  fparingly 
and  flowly. 

Thefe  circumftances  will  perhaps  give  fome 
light  to  thofe  who  are  in  poffeflion  of  a larger 

quantity 
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quantity  of  adamantine  materials,  by  which  they 
may  be  enabled  to  complete  the  analylis  of  this 
precious  ftone,  which,  on  account  of  its  clear- 
nefs,  its  hardnefs,  and  fplendour,  is  fo  much  va- 
lued ; although,  by  a gentle  heat,  it  is  totally 
convertible  into  vapour ''in  the  fpace  of  a few 
hours,  while  the  ruby  and  the  other  gems  fu- 
ftain  the  fame  operation  withput  damage. 


D I S S E R- 


DISSERTATION  XVI. 
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s 

THE  EARTH  OF  THE 

TURMALIN  STONE . 


§ *• 

THE  ele&rical  virtue  of  this  earth  has  been 
the  admiration  of  philofophers  during  the 
whole  of  the  prefent  century  ; and,  many  years 
fmce,  I attempted  to  reduce  its  peculiar  effe&s 
to  conftant  laws : But  no  one,  fo  far  as  I know, 
has  yet  undertaken  the  analyfis  of  thefe  flones, 
being  prevented  by  their  fcarcity  and  dearnefs. 
My  illuftrious  friend  Born  removed  this  obfta- 
cle  for  me,  by  fending  me,  in  1778,  a parcel 
which  was  got  at  Tyrol,  and,  at  the  fame  time, 
requefting  me  to  inveftigate  their  primary  prin- 
ciples. Some  time  after,  that  accomplilhed  bo- 
tanift  Mr  Thunberg,  demonftrator  in  the  gar- 
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den  at  Upfal,  on  his  return  from  Java  and  Ja- 
pan, kindly  brought  me  fome  turmalins,  which 
he  himfelf  had  got  in  Ceylon,  rude,  and  un- 
changed by  art.  I have  therefore  been  fortu- 
nate enough,  through  the  kindnefs  of  thefe  gen- 
tlemen, to  be  able  to  compare  the  form  and 
compofition  of  thefe  the  rareft  produ&ion  of  the 
mineral  kingdom,  produced  in  the  moll  diftant 
quarters  cf  the  world.  In  this  place  I fhall  on- 
ly confider  thofe  circumftances  which  illuftrate 
the  external  form*  the  internal  ftrudlure,  and 
the  component  parts  j deferring  to  Another  op- 
portunity the  confideration  of  their  eledric  vir- 
tues, which  fhall  be  confidered  by  themfelves. 

§ 11.  Vifible  Qualities  of  the  Turmalin  Stone . 

Heretofore  the  turmalins  were  brought  either 
from  Ceylon  or  America,  and  no  one  fo  much 
as  fufpedted  that  fuch  were  to  be  found  in  Eu- 
rope j but  two  years  fince,  that  indefatigable 
examinator  of  the  Tyrol  mountains,  Mr  Muller, 
difcovered  cryftals  of  this  kind  at  Zillerthal,  far 
fuperior,  both  in  beauty  and  magnitude,  to  any 
that  had  been  ever  brought  either  from  Alia  or 
America  : iherefore  we  may  confider  them  as 
feparated  into  three  clafies,  according  to  the 
places  where  they  are  found  ; and  we  fhall  be- 
gin with  thofe  of  the  new  world,  which  differ 
in  certain  properties  from  the  reft. 

w 
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(a)  The  turmalin  of  Brazil  is  frequently 
fomewhat  heavier  than  the  others,  being,  with 
refpeft  to  diddled  water,  from  3,075  to  3,180  : 
They  differ  in  colour ; and  I have  feen  them 
blue,  red,  and  of  a pellucid  yellow ; but  general- 
ly they  are  green. 

When  rough  they  are  of  a columnar  form, 
more  or  lefs  regular,  but  frequently  are  of  a tri- 
gonal form,  confiding  of  nine  Tides,  as  has  been 
already  defcribed  and  delineated.  The  apices 
are  often  deficient,  and  their  fra&ure  is  glaffy  ; 
but  fometimes,  if  preferved  and  examined,  they 
are  found  low,  and  compofed  of  three  planes,  as 
is  explained  in  the  Trad  on  the  Formation  of 
Cryflals,  (§  11.  e.  and  tab.  1.  fig.  3.). 

The  prifms,  expofed  laterally  to  the  light,  are 
almod  always  pellucid  : but,  when  viewed  in  the 
direction  of  the  axis,  a wonderful  opacity  pre- 
vails, and  that  even  in  the  tranverfe  fedtion,  al- 
though it  be  very  thin.  Whether  this  holds 
with  refpeft  to  the  thinned  lamina,  is  not  yet 
edablifhed  j perhaps  this,  like  the  following, 
when  diffidently  diminifhed  in  thicknefs,  will 
tranfmit  the  rays  of  light. 

They  yield  in  hardnefs  to  the  quartz,  and 
even  to  the  other  turmalins ; yet  they  cut  glafs, 
and  drike  fire  (though  not  eafilyj  with  deel. 

(b)  The  turmalin  of  Ceylon  varies  a little  in 

fpecific  gravity,  between  3,062  and  3,295  ; thefe 
feldom  come  to  Europe  unwrought ; I was  there - 
rv  , fore 
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fore  much  pleafed  to  get  thofe  which  I mention- 
ed. The  columns  of  three  of  them  were  whole, 
about  three  lines  in  length,  and  two  in  breadth. 
Three  of  the  Tides  are  broad,  feparated  by  a pair 
very  narrow,  fo  that,  at  firft,  they  appear  trigo- 
nal ; two  of  thefe  prifms  have  apices,  the  folid 
angles  of  which  are  very  obtufe,  and  formed  of 
three  irregular  pentagons.  All  thefe  circum- 
ftances  agree  perfectly  with  what  has  been  faid 
in  a,  of  the  turmalin  of  Brazil,  and  are  made 
abundantly  evident  by  tab.  i.  fig.  3.  j but  the 
piifms  are  found  furrowed  longitudinally,  a cir- 
cumftance  which  plainly  points  out,  that  other 
fpiculas  had  cryftallized  at  the  fame  time,  and 
in  contact  with  them.  Marks  of  this  kind  fre- 
quently appear  upon  the  furface  of  cryftals  j 
and  the  longitudinal  furrows  above  mentioned 
are  very  common,  particularly  in  the  fchoerls 
and  turmalins  of  Brazil. 

The  colour  of  the  cryftals  is  brown,  and  not 
unfrequently  almoft  black,  but  fometimes  more 
dilute  ; always,'  however,  more  or  lefs  inclined 
to  yellow,  which  may  be  more  eafily  obferved 
by  placing  the  column  tranfverfely  between  a 
ftrong  light  and  the  eye.  A tranfverfe  feftion, 
half  a line  in  thicknefs,  ftill  appears  opake  when 
expofed  to  the  day-light,  although  the  flame  of 
a candle  renders  it  femi-tranfparent  and  brown  ■ 
but  when  made  thinner,  fo  far  as  ^ 0f  a line' 
it  becomes  pervious  to  the  day-light.° 
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I have  alfo  got  ihapelefs  pieces  of  nearly  the 
bulk  of  a walnut,  their  fubtile  parts  fpathaceous, 
black,  and  opake  : In  thefe  the  ele&rical  power 
is  much  weaker. 

They  nearly  agree  in  hardnefs  with  quartz. 

The  ele&rical  property  of  thefe  ftones  feems 
to  be  unknown  in  Ceylon ; and  although,  be- 
yond doubt,  the  name  turtnalin  is  a word  of  the 
Ceylon  language,  yet,  under  the  fame  name,  Dr 
Thunberg  got  ftones  of  various  colours,  and  va- 
rious genera,  of  which,  among  eight  varieties, 
not  one  acquired  the  ele&ric  quality  by  heat,  al- 
though I frequently  made  the  experiment.  Dr 
Thunberg  alfo  informed  me,  that,  in  the  genu- 
ine language  of  the  country,  the  word  fignifies 
black  cryftals ; that  they  are  little  efteemed,  and 
are  pounded  and  formed  into  globules,  to  ferve 
the  purpofe  of  buttons. 

(c)  The  turmalin  of  Tyrol  has  been  fo  ex- 
actly deferibed  by  the  learned  difeoverer,  with 
refpedt  to  external  appearance,  that  nothing  can 
be  added  ; but,  for  the  fake  of  eomparifon,  it 
will  be  proper  to  repeat  the  principal  circum- 
ftances. 

The  fpecific  gravity  is  3,050,  that  is,  lefs  than 
any  of  the  preceding. 

The  cryftals  are  fometimes  three  inches  in 
length,  and  exceed  five  lines  in  diameter,  partly 
loofely  difperfed  among,  partly  firmly  united  to, 
a fteatite,  mixed  with  particles  of  mica,  not  un- 
like 
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like  the  olla  Jetlandica.  What  the  matrix  of 
the  other  turmalins  may  be,  is  yet  unknown  ; 
but  that  of  the  Tyrol  turmalin  forms  either  veins 
or  nuclei  in  granite. 

The  figure  is  prifmatic,  confining  of  nine 
fides,  fometimes  terminated  by  three  pentagons, 
like  that  of  Ceylon  ; but,  in  general,  the  apices 
are  wanting.  Sometimes,  however,  though  very 
feldom,  the  pyramids  are  found  very  much  acu- 
minated, with  nine  fides : Therefore,  in  gene- 
ral, all  the  known  turmalins  agree  in  form ; 
but,  fo  far  as  I know,  the  complete  fchoerl  form 
(tab.  i.  fig.  i .)  has  not  yet  been  feen  among 
them  by  any  one  ; a form  which,  even  among 
the  fchoerls  themfelves,  is  extremely  rare. 

Such  of  the  Tyrol  cryftals  as  I have  examined 
are  without  the  longitudinal  fulci ; but  the  fur- 
face,  when  accurately  examined,  Ihews  a flight 
afperity,  owing  perhaps  to  the  fpicular  form  of 
the  furrounding  matrix  ; but  the  tranfverfe 
chinks,  generally  obfcure,  are  found  in  thefe 
and  the  preceding,  as  well  as  in  the  fchoerls. 

The  colour  occafioned  by  reflex  light  is  footy, 
or  of  a brownifli  black,  but  that  by  refra&ed 
light  of  an  obfcure  yellow ; a thin  tranfverfe  fee- 
tion  appears  opake  ; bfit,  when  the  thicknefs  is 
fuffic.ently  diminilhed,  if  at  length  tranfmits 
green  rays,  as  the  celebrated  Muller  firft  ob- 

. d’  a"f  as  1 have  myfelf  feen,  the  account 
true,  he  Ceylon  and  Tyrol  turmalin,  there- 

fore. 
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fore,  agree  in  this,  that,  by  extreme  tenuity,  a 
paffage  is  made  for  the  light ; but  they  differ 
with  refpeCt  to  the  rays,  which  are  tranfmitted. 

(d)  Many  years  fince,  I obferved  -that  a vari- 
ety of  the  fchoerl,  black,  opake,  of  a complete 
figure,  which  came  from  Umoean  Lapland,  by  a 
due  degree  of  heat  acquired  eleCtrical  properties. 
Upon  multiplying  experiments,  I fouffd  the  fame 
thing  to  take  place  in  feveral  fchoerls  of  Sweden, 
both  nonagonal  and  fpicuiar,  of  very  irregular 
forms  : Thefe  were  all  totally  opake  j and  here- 
tofore 1 have  not  obferved  that  property  to 
take  place  in  any  that  was  pellucid.  How  this 
electricity  may  be  excited,  and  its  nature  ex- 
plored, I defer  to  another  place,  where  this  mat- 
ter fhall  be  exprefsly  confidered. 

( i ‘fi  '•»  r.ff* 

- 7 1 1 1 CJ‘  - • - ‘ *■  • • 1 i • * 1 ’ ^ 

§ hi.  Habits  of  the  Turmalin  expofed  to  the  Blow - 

pipe. 

(a)  A fmall  piece,  the  fize  of  a grain  of  muf- 
tard,  expofed  upon  charcoal  to  the  apex  of  the 
flame,  quickly  grows  red,  and  that  without  any 
decrepitation  or  other  vifible  change  ; but,  if 
the  adion  of  the  flame  is  continued  for  fome 
minutes,  it  foon  grows  white,  foams  almoft  like 
borax,  and,  upon  continuing  the  fire,  is  redu- 
ced to  a globule  ; a larger  piece  fufes  with  dif- 
ficulty, but  yields  an  inflated  fpongy  white 
fcoria. 


This 
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This  is  the  cafe  with  the  turmalin  of  Tyrol 
and  Ceylon  when  cryftallized  ; but  the  black 
and  lhapelefs  pieces  fwell  but  little ; and  the 
marks  of  fcorification  which  appear  on  the  fur- 
face  are  brown,  not  white  : That  of  Brazil  can- 
not be  formed  into  a globule,  but  exhibits  a 
puftulous  fcoria. 

(b)  Thd  microcofmic  fait,  fufed  upon  the 
charcoal,  attacks  a fmall  quantity  of  turmalin 
with  a flight  effervefcence,  which  is  yet  foon  at 
an  end  ; and  there  remains  a fmall  corpufcule, 
almoft  tranfparent,  and  therefore  fcarce  percep! 
tible,  until  after  the  globule  grows  cold.  This 
refiduum  is  diffolved  with  great  difficulty,  but 
the  reft  of  the  vitreous  mafs  furrounding  it  is 
found  clear  and  tranfparent,  which  grows  green 
on  a farther  addition  while  hot,  and  milky  on 
cooling,  chiefly  occafioned  by  the  undiffolved 
particles.  All  the  varieties  in  this  refpeft  are 
the  fame,  except  that  the  black  and  opake  oc- 
cafion  a brown  colour. 


(c)  Borax  takes  up  the  turmalin  almoft  in 
the  fame  way,  but  generates  heat  more  diftinQ. 
ly,  and  diiToIves  the  ftone  more  powerfully;  f0 
that  it  hardly  contracts  a perfect  opacity,  except 
the  black  turmalin,  which,  added  in  fmall  quan. 
tity,  changes  the  tranfparency  to  a yellow  brown 
but,  m larger  quantity,  to  a black  opacity 
(o)  Mineral  alkali  takes  up  the  turmalin  in 
fufton  with  effervefcence,  but  a lefs  confpicuous 

VOL.  If.  r 
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one  than  that  excited  by  quartz  : When  a fraail 
portion  of  the  hone  is  added,  it  is  broken  down 
into  a powder,  but  is  imperfectly  difl'olved.  The 
black  opake  turmalin  makes  the  globule  brown. 

(e)  The  turmalin  approaches  next  to  the 
fchoerl  in  the  habit  juft  defcribed  ; the  latter  is, 
howrever,  more  completely  diffolved,  and  with 
more  evident  ebullition,  by  the  microcofmic 
fait,  and  alio  effervefces  more  vehemently  with 
mineral  alkali. 

§ iv.  Habitudes  of  the  Turmalin  with  Acids. 

(a)  Three  times  the  weight  of  concentrated 
vitriolic  acid,  poured  on  roo  lb.  of  fubtile  pow- 
der of  turmalin,  feparated  by  elutriation,  and 
expofed  to  diftillation  in  a fmall  retort,  until  the 
bottom  of  the  glafs  grows  red  hot,  yields  a re- 
fiduum,  which  being  boiled  in  diflilled  water, 
colle&ed,  dried,  and  weighed,  is  found  to  have 
loll  about  1 6 lb.  The  three  known  varieties 
are,  in  this  refpett,  fcarce  found  to  differ  a 
pound  or  two. 

The  water  which  has  extra&ed  the  foluble 
part,  with  a lixivium  of  burned  blood,  yields 
Pruflian  blue  ; and  the  iron  being  thus  precipi- 
tated, on  addition  of  fixed  alkali,  a white  powder 
is  thrown  down,  which,  with  vitriolic  acid, 
forms  gypfum,  which  may  again  be  decompofed 
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by  acid  of  fugar.  1 he  acid  has  therefore  been 
only  loaded  with  iron  and  lime. 

d h'e  acid  collected  in  the  receiver  is  found  to 
be  purely  vitriolic. 

The  elixated  refiduum,  examined  by  the  blow- 
pipe, fwells  and  fhews  almdff  the  fame  habits  as 
the  crude  turmaliii. 

(b)  The  nitrous  and  marine  acids  alfo  extratf: 
iron  and  lime  ; but,  in  other  refpedts,  have  no 
greater  effect  than  the  vitriolic  ; for  the  refiduum 
ffill  remains  compound  : The  furface,  therefore, 
is  not  fufficiently  increafed  by  the  mechanical 
pulverization,  fo  that  the  menftrua  may  be  able 
to  feparate  the  component  parts  : However,  the 
method  which  I followed  in  decompofing  the 
gems  fucceeds  in  this  cafe  extremely  well.  ° 


§ v.  Proximate  Principles  of  Turmalin. 

. W 1 treated  a very  fubtile  powder  of  turma- 

hn  m the  fame  manner  as  the  gems,  with  this 
difference,  that  I employed  an  equal  quantity  of 
mineral  alkali,  fpontaneoufly  calcined,  and  kept 
the  mafs  ignited  only  for  an  hour  and  a half. 

(b)  Upon  cooling,  the  mixture  is  found  col- 
iquated,  its  furface  convex,  tuberculated,  of  the 
colour  of  wax,  but  internally  fpongy,  and  of  a 
green  colour,  which  is  of  a deeper  hue  as  it 
approaches  the  bottom,  to  which  it  adheres. 

• he  mafs,  when  fufficiently  loofened,  is  covered 
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at  the  bottom  with  a black  cruft,  which  is  care- 
fully  feparated  and  weighed. 

(c)  The  reft  of  the  procefs  was  conducted  as 
defcribed  on  the  Earth  of  Gems,  f and  n ; it 
would  therefore  be  fuperfluous  to  defcribe  it 
again.  Thefe  operations  yielded  the  following 
conclufions  concerning  the  quality  and  propor- 
tions of  the  conftituent  parts  in  an  affay  hun- 
dred, viz. 

The  turmalin  of  Tyrol. 

Argillaceous  earth  42 

Siliceous  earth  - - - 40 

Calcareous  earth  - - - 12 

Iron  - - 6 


Turmalin  of  Ceylon. 

Argillaceous  earth 
Siliceous  earth 
Calcareous  earth 
Iron  - 

Turmalin  of  Brazil. 

Argillaceous  earth 
Siliceous  earth 
Calcareous  earth 
Iron  - " 


39 

37 

J5 

9 


50 

34 

1 1 

5 


(u)  By  argillaceous  and  filiceous  earths,  I 
here  underhand  thofe  earths  freed  from  all  he- 
- terogeneous 
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terogeneous  matter  ; but  the  calcareous  earth 
appears  to  be  nearly  faturated  with  aerial  acid, 
as  otherwife  a greater  defedt  is  obferved  than 
can  be  fuppofed  in  an  accurate  operation.  That 
no  eftervefcence  takes  place  with  acids  is  eafily 
accounted  for,  when  we  confider  that  only  a verv 
minute  portion  of  calcareous  earth  adheres  fo 
very  clofely  to  the  other  conftituent  parts,  that 
it  has  fufficient  hardnefs  to  ftrike  fire  with  fteel : 
The  iron  is  dephlogifticated,  and  the  crude  tur- 
malin  does  not  fhew  the  leaft  fign  of  detonation 
' with  nitre. 

As  to  the  proportions  of  the  conftituent  prin- 
ciples, I have  fet  down  fuch  as  experiments  ,fug- 
gefted ; but  it  is  neceflary  to  take  the  medium 
of  a number  of  experiments,  as  nature  does  not 
obferve  fo  exadt  a proportion  in  the  admixture 
of  the  principles  of  bodies,  but  that  fometimes 
there  may  be  fome  hundredths  too  much  or  too 
little  ; befides,  a feries  of  operations  (notwith- 
ftanding  the  greateft  poffible  accuracy)  will  fome- 
times add  a little  weight,  or  fometimes  diminifh, 
which  is  particularly  fenfible  when  very  final! 
quantities  are  ufed.  Ihus,  in  the  prefent  in- 
ftance,  I have  not  yet  been  able  to  fubjeft  to  ex- 
periment more  than  a few  affay  pounds.  In 
thefe  experiments  I conftantly  found  the  fame 
ingredients,  but  the  proportion  of  them  requi- 
red fome  corredtion.  The  difference  of  habits 
chfcovered  by  the  blow-pipe  manifefted  fome  dif- 
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ference  between  the  Tyrol  and  Ceylon  turma* 
lin  ; but  whether  the  above  proportions  be  ex- 
act, remains  further  to  be  examined. 

(f)  That  water  enters  the  compofition,  may 
be  gathered  from  their  undergoing  the  fame 
ebullition  in  fufion  as  the  zeolith  does,  which 
certainly  contains  water ; but  the  quantity  of 
matter  to  be  examined,  only  permitted  me  to 
make  one  trial  with  this  view.  I kept  100  lb. 
of  Tyrol  turmalin,  grofsly  powdered,  for  half  an 
hour,  in  an  obfcure  red  heat  ; but,  upon  cool- 
ing, found  no  difference  in  weight ; nor  did  I 
expect  any,  as  a white  heat  is  neceffary  to  fu- 
fion : I therefore  increafed  the  fire  to  a fufficient 

f * . *••*>.  < • ... 

degree  ; but  the  fragments  of  turmalin  were  ag- 
glutinated to  the  crucible,  nay,  had  entered  into 
a fort  of  union  with  it ; I therefore  made  the  ex- 
periment in  another,  which  was  tedious  and 
troublefome.  I took  25  alfay  pounds  of  frag- 
ments of  turmalin,  each  of  which  I feparately 
reduced  to  white  fcorise  by  the  blow-pipe ; but 
I did  not  find  that  the  weight  was  fenfibly  dimi- 
nifhed ; a proof  that  there  is  either  no  water  at 
all,  or  only  a very  fmall  quantity. 

§ vx.  The  Place  belonging  to  the  Turmalin  in  a 
Syjlem  of  Mineralogy. 

Being  acquainted  with  the  nature  and  pro- 
portion of  the  earthy  principles  which  enter  in- 
to 
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to  the  compofition  of  the  turmalin,  we  cannot 
hefitate  to  place  it  among  the  argillaceous  fpe- 
cies,  fmce  the  chief  part  of  it  is  conftituted  by 
this  earth,  which,  even  when  it  is  prefent  in 
finaller  proportion,  communicates  its  peculiar 
properties  to  the  whole  mafs. 

In  the  gems  we  find  the  fame  principles,  and 
clay  in  greater  proportion  than  any  other  earth. 
The  turmalin  can  fcarce  be  referred  to  this  clafs, 
becaufe  its  ftrudure  is  fo  much  loofer. 

The  phenomena  it  exhibits,  when  treated 
with  the  blow-pipe,  approach  nearly  to  thofe  of 
zeolith  ; but  of  this  filiceous  earth  conflitutes 
the  principal  part  ; and  the  conftituent  princi- 
ples cohere  fo  weakly,  that  acids  are  capable  of 
extrafling  them  without  any  previous  treatment 
with  fixed  alkali,  and  the  heat  of  difiillation  of 
expelling  mod  of  the  water.  It  is  more  clofelv 
allied  to  fchoerl ; for  the  turmalin  not  only  re- 
fembles  this  in  the  form  of  its  cryftals,  and  the 
phsenomena  it  prefents,  both  with  heat  and  fol- 
vents,  but  alfo  fometimes  in  being  eledrical,  a 
property  which  fhall  be  particularly  examined 
in  the  fequel ; it,  however,  differs  in  containing 
more  filiceous  earth,  and  fome  other  circum- 
ilances  before  noticed,  (§  in.  e.). 
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THE  FULMINATING 

CALX  OF  GOLD. 


LTHOUGH  the  wonderful  fulminating 


property  of  gold  was  known  at  lead  in 
the  15th  century,  it  has  not  yet  been  examined 
by  philofophers  fo  as  to  determine  with  certain- 
ty the  caufe  of  the  prodigious  noife  and  ftupen- 
dous  explofive  force  ; yet  in  this  explofion  there 
occur  phenomena  highly  worthy  of  attention  ; 
phenomena  which  not  only  indicate  very  Angu- 
lar properties,  but  are  of  fuch  a kind,  that  the 
caufes  of  them,  well  underftood,  mud  certainly 
throw  great  light  upon  the  theory  of  chemiftry. 


§ 1.  Hijiorical  Introduftion. 


The 
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The  following  experiments,  which  are  partly 
new,  and  partly  fuch  as  have  been  defcribed  by 
others,  but  carefully  revifed  and  corre&ed,  will, 
I hope,  tend  to  illuftrate  the  fubjeft.  But,  be- 
fore we  enter  upon  them,  it  will  be  proper  brief- 
ly to  relate  the  attempts  of  others,  who  have 
made  this  bufinefs  their  particular  ftudy. 

Whether  or  not  the  ancient  alchemifts  were 
acquainted  with  the  fulminating  property  of 
gold,  we  are  ignorant,  their  arcana  being  in- 
volved in  an  enigmatic  and  obfcure  ftile.  Bafil 
Valentine  is  perhaps  the  firft  who  has  clearly 
defcribed  the  method  of  communicating  this  pro- 
perty to  gold  : He  direds  the  metal  to  be  dif- 
folved  in  aqua  regia  made  with  fal  ammoniac, 
and  then  precipitated  by  vegetable  alkali,  to  be 
twelve  times  wafhed  with  water,  and  finally  dried 
in  the  open  air,  where  the  fun’s  rays  cannot  reach 
the  powder  . He  forbids  it  to  be  dried  over  a 
fire,  as  it  explodes  with  a gentle  heat,  and  flies 
off  with  inconceivable  violence  ; but  he  has  not 
diftinguifhed  this  calx  by  any  peculiar  name. 

Many  chemifts  afterwards  performed  this  ope- 
ration ; but  here  and  there  we  obferve  fome  fmall 
difference.  O.  Crollius  calls  it  aurum  volatile, 
and  is  fcarce  willing  to  have  it  dried,  even 
though  carefully,  and  in  balneo  maris  ; but,  a- 
hove  all,  forbids  the  ftirring  it  with  an  iron 
fpatula.  . J.  Beguin  added  the  epithet  fulmina- 
ting,  which  has  been  fince  generally  adopted, 

although 
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although  we  fometimes  meet  with  the  terms 
fclopetans  and  ceraunocbryfon. 

The  neceffity  of  employing  volatile  alkali  in 
this  operation,  was  but  little  regarded  until  the 
prefent  century  ; for  Hellot  tells  us,  from  Grolfe, 
that  gold  diffolved  in  a mixture  of  nitrous  and 
marine  acid,  fulminates  better  when  the  volatile 
is  ufed,  than  when  the  vegetable  fixed  alkali  is 
employed  ; but  that,  if  the  mendruum  be  made 
with  fal  ammoniac,  the  latter  precipitate  is  bed. 
Zwelf  calls  the  gold  precipitated  by  fixed  alkali, 
without  the  fulminating  property,  aurum  mu- 
tual. Ettmuller  and  Hoffman  found  that  pre- 
cipitated by  volatile  alkali  always  fulminating. 

Becher  found  the  fulminating  powder,  when 
well  wafhed,  heavier  than  the  gold  employed 
by  y -y  Lemery  by  ^ ; and  Jungken  by  -f.  It  is 
doubtful  whether  Barner  ever  made  the  experi- 
ment, as  he  affirms,  that,  in  order  to  produce 
the  bed  effeft,  it  fhould  not  be  walked  with 
water,  (compare  § x.).  Many  alfo,  after  him, 
have  thought,  that,  by  boiling  in  water,  the  ful- 
minating property  is  dedroyed,  or  at  lead  di- 
minifhed  : The  celebrated  Beaume  was  the  fird 
who  detefled  that  error. 

That  water  loaded  with  fixed  alkali,  when 
boiling,  takes  away  all  the  explofive  power,  is 
afferted,  if  I midake  not,  by  all  the  moderns, 
following  the  author  of  Homer’s  Golden  Chain. 
Kunckel  found  this  property  dedroyed  by  vitri- 
olic 
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plic  acid.  Rolfinciiis  and  others  contend  that 
marine  acid  has  the  fame  effed  ; and  Mr  Spiel- 
man  extends  that  faculty  to  all  the  acids,  even 
to  vinegar  ; yet  Cafiius  relates,  that  aurum  ful- 
minans  exploded  mofl  violently  when  marine 
acid  dulcified  was  diftilling  from  it.  Bafil  Va- 
lentine attempted,  not  without  fuccefs,  to  fub- 
due  the  fulminating  property  by  means  of  ful- 
phur. 

A fingle  fcruple  of  aurum  fulminans  explodes, 
as  Crollius  afferts,  with  more  force  than  half  a 
pound  of  gun-powder,  and  propagates  its  action 
downwards  $ yet  Ii.  F.  Teykmeyer  frequently 
(hewed  in  his  ledures,  that  it  would  throw  a 
florin  upwards  above  flx  ells ; and  the  fame  ef- 
fed  had  been  obferved  by  many  others  before 
him. 

A great  number  of  experiments  were  made 
before  the  Royal  Society  at  London,  in  order  to 
determine  the  comparative  forces  of  thefe  two 
powders.  Equal  parts  of  gun-powder  and  of 
aurum  fulminans  were  included  in  iron  globes, 
which  were  placed  among  burning  coals ; thofe 
which  contained  the  former  were  burfl:  with 
violence,  while  the  other  remained  perfedly 
fllent.  But,  if  the  globe  containing  the  gun- 
powder did  not  exceed  the  bignefs  of  a pea,  the 
globe  remained  unhurt,  although  the  contents 
had  been  inflamed. 


Many 
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Many  unfortunate  accidents,  however,  fhew 
that  the  greateft  caution  is  neceffary  in  handling 
aurum  fulminans.  Orfchal  relates,  that  this 
powder,  ground  in  a jafper  mortar,  had  by  its 
explofion  burit  the  mortar  into  a thoufand 
pieces.  The  celebrated  Dr  Lewis  gives  an  in- 
ftance  of  the  fame  in  England  ; nay,  Dr  Birch 
tells  us,  that,  by  an  explofion  of  this  kind,  doors 
and  windows  had  been  violently  torn  to  pieces  : 
But  Dr  Macquer  gives  a very  melancholy  de- 
tail of  a misfortune  which  happened  in  his  own 
prefence.  A perfon  of  22  had  put  fome  aurum 
fulminans  into  a phial,  but  unfortunately  did 
not  obferve  that  a few  particles  adhered  to  the 
neck.  Upon  {hutting  it,  therefore,  as  is  ufual, 
by  twilling  the  glafs  Hopper,  the  few  particles 
exploded  with  fuch  force  as  to  throw  the  young 
man  among  the  furnaces  of  the  laboratory,  with 
the  lofs  of  both  his  eyes,  occafioned  by  the 
fplinters  of  the  glafs. 

The  fentiments  of  chemifts  concerning  the 
caufe  of  the  Elimination,  differ  very  much.  The 
opinions  of  thofe  who  fpeak  in  words  fo  obfcure, 
that  it  is  fcarce  poffible  to  reduce  them  to  fenfe, 
we  Ihall  omit ; the  reft  may  be  divided  into  four 
claffes,  fome  afcribing  it  to  an  aerial,  fome  to  a 
faline,  fome  to  a fulphureous  principle ; and, 
finally,  there  are  others  who  fuppofe  it  to  de- 
pend upon  feveral  of  thefe  united. 


F. 


CALX  OF  GOLD,  141 

F.  Hoffman  attributes  it  to  humidity  and  an 
elaftic  vapour  dilated  by  heat ; but  the  celebra- 
ted Dr  Black  affirms  it  to  be  owing  to  fixed  air 
copioufly  and  fuddenly  fet  at  liberty.  A.  Peter- 
man afferts  this  power  to  depend  upon  the  union 
of  the  folar  principles  with  nitre  ; but  others, 
and  indeed  the  mofl  of  the  moderns,  fubftitute 
a fpecies  of  nitre  totally  volatile,  which  is  com- 
monly called  riitrum  Jlammans.  Caffius  fpeaks 
of  fulphureous  particles  of  gold  which  are  dis- 
charged from  the  bond  of  falts,  as  being  fub- 
ftances  of  an  oppohte  nature,  by  means  of  the 
fire  ; and,  upon  getting  loofe,  give  as  violent  a 
concuffion  to  the  air,  as  fulphur  and  nitre  in 
common  gun-powder  ; but,  very  lately,  3VI. 
Beaume  propofes  as  the  caufe,  a nitrous  fulphur 
deflagrating  violently  5 and  fupports  this  opinion 
with  many  fpecious  arguments.  Notwithffand- 
ing  all  thefe  explanations,  many  philofophers 
are  (till  of  opinion,  that  the  phenomenon  is  not 
yet  accounted  for  ; fuch  are  Boerhaave,  Mac- 
quer,  Spielman,  and  others. 

If  in  our  days  a certain  fragor  vibergenfis 
were  neceflary,  a very  violent  one  might  be  bell 
obtained  by  means  of  this  calx  of  gold  ; for  no 
fubflance  hitherto  known  explodes  with  a louder 
noife.  Dr  Lewis  compares  the  report  occafioii- 
ed  by  gun-powder  to  the  found  of  a long  and 
lax  cord ; and  that  of  aurum  fulminans,  to  that 
of  a ffiort  and  teijfe  one.  But  in  mines  it  can- 
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not  be  fubftituted  for  gun-powder,  as,  when  it 
is  clofe  {hut  up,  it  is  reduced  without  noife  or 
violence,  as  we  have  feen  before  ; befides,  this 
powder  muft  be  fired  by  heat,  and  not  by  fparks. 

The  celebrated  Stahl  fays,  that  aurum  fulmi- 
nans,  treated  with  fulphur,  as  hereafter  defcri- 
bed,  is  ufed  as  a pigment  by  goldfmiths  and 
enamellers.  Doffie  mentions  this  as  a valuable 
fecret. 

Formerly,  three  or  four  grains  of  this  powder 
were  given  as  a diaphoretic  of  extraordinary 
power,  as  we  are  told  by  Crollius  and  Beguin. 
Rolfincius  relates  an  example  of  its  cathartic 
virtue.  His  words  are  thefe  : Illu/lris  regiae 
Suecicae  militiae  generalis  Pannerius  (doubtlefs 
Banner ) gravijjimo  colico  dolore  infejlaius , clyjleri- 
bus  aliquot  officium  non  facientibus , babuit  melius, 
eommota  alvo , ajfumptis  auri  fulminantis  granis  6 
in  cocbleari  pleno  vim  Malvatici. 

§ n.  Preparation  of  Aurum  Fulminans. 

This  powder  may  be  prepared  in  two  different 
ways  ; for  either  the  gold  is  diffolved  in  a men- 
ftruum  compofed  of  nitrous  acid  and  fal  ammo- 
niac, and  the  folution  precipitated  by  a fixed  al- 
kali, or  the  folution  is  performed  by  aqua  regis 
made  without  fal  ammoniac,  (which  may  be 
done  in  various  ways),  and  the  precipitation  ef- 
fected by  volatile  alkali.  Aqua  regis  without 
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fal  ammoniac  may  be  prepared  by  mere  mixture 
of  nitrous  and  marine  acid,  or  by  nitre  diflblved 
in  marine  acid  ; or,  finally,  by  fea-falt  diflblved 
in  nitrous  acid.  It  is  obvious,  that,  inftead  of 
nitre  or  fea-falt,  other  falts  containing  thefe  acids 
may  be  employed.  Menjiruum  fine  Jlrepitu  was 
a name  formerly  given  to  a liquor  confining  of 
a little  water  with  nitre,  fea-falt,  and  alum,  in 
which  gold-leaf  was  diflblved  by  triture ; in  this 
cafe,  the  acid  of  the  alum  expels  the  other  acids, 
which  therefore,  by  their  union,  form  common 
aqua  regia. 

By  whatever  method  the  gold  be  diflblved 
and  precipitated,  (provided  the  volatile  alkali  is 
prefent,  either  in  the  menftruum  or  the  precipi- 
tant), a yellow  precipitate  is  obtained,  which, 
when  well  wafhed  in  water,  and  cautioufly  dried, 
is  commonly  called  aurum  fulminans.  The 
weight  of  the  calx,  well  wafbed  and  dried,  ex- 
ceeds that  of  the  gold  employed,  by  about  y. 

The  diflblved  gold  is  more  readily  precipita- 
ted by  volatile  than  by  fixed  alkali. 

§ hi.  Properties  of  the  fulminating  Calx  of  Cold. 

The  phenomenon  which  has  chiefly  rendered 
this  powder  famous,  and  has  given  occafion  to 
the  name,  is  the  prodigious  noife  occafioned  by 
the  explofion  of  a few  grains  expofed  to  heat  in 
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a metal  fpoon,  either  over  a candle,  coals,  or  a 
red  hot  iron  ; or  by  any  other  means  fufficient- 
ly  heated.  How  this  phsenomenon  takes  place, 
we  fhall  fee  hereafter. 

(a)  A degree  of  heat  between  1 20°  and  300°, 
the  degrees  at  which  the  nitrous  and  vitriolic 
acids  boil,  is  fufficient  for  this  purpofe  j but 
whether  the  folar  rays,  without  concentration, 
can  produce  the  fame  effedt,  as  fome  perfons  af- 
fert,  I have  not  yet  been  able  to  determine ; but 
am  inclined  to  doubt  of  their  poflefling  fuch  ef- 
ficacy, unlefs  the  aurum  fulminans  be  extreme- 
ly well  prepared  ; but,  if  the  mafs  be  infpected 
juft  as  it  is  about  to  explode,  in  the  very  inftant 
preceding  the  explofion  no  other  change  is  ob- 
ferved  than  its  colour  verging  to  black,  upon 
which  it  inftantly  is  difperfed  with  an  obfcure 
flafh,  and  a wonderful  acute  found  : The  fame 
effedt  is  obferved  whether  the  powder  be  fur- 
rounded  by  common  air  or  aerial  acid. 

(b)  By  fimple  triture,  or  percufiion  alone, 
this  powder  is  inflamed,  and  explodes  with  great 
violence,  whence  melancholy  accidents  have 
fometimes  happened  ; but  every  fort  of  aurum 
fulminans  is  not  fufceptible  of  explofion  by 
thefe  means.  By  boiling  in  pure  water,  or 
(’which  is  better)  in  an  alkaline  lixivium,  or 
(which  is  beft  of  all)  by  a due  degree  of  cal- 
cination, it  is  rendered  fo  prone  to  inflamma- 
tion, that  by  the  eledtric  fpark,  nay  often  by  the 
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final  left  agitation  with  a piece  of  paper,  it  ex- 
plodes. The  common  aurum  fulminans  is  alfa 
exploded  by  the  electrical  fhock. 

(c)  -A  portion,  weighing  from  20  to  12 
grains  of  aurum  fulminans,  exploded  on  a me- 
tal plate,  perforates  and  lacerates  if ; a fmaller 
quantity  forms  a cavity  in  the  plate  j and  a fliH 
fmaller  only  fcratches  the  furface  j an  effeCt 
which  is  never  produced  by  gun-powder,  though 
in  much  larger  quantity. 

(d)  A weight  laid  upon  the  powder  is  thrown 
upwards  in  the  moment  of  explofion  j and,  if  it 
be  of  fiiver,  it  is  found  gilded  with  a yellowifl* 
fpot.  In  the  fame  way  is  marked  the  fupport, 
if  it  be  made  of  fiiver  or  copper. 


Befides,  a large  grain,  advanced  near  to  the 
fide  of  the  flame  of  a candle,  blows  it  out  with 
violent  noife ; and  a few  ounces  exploding  to- 
gether, by  incautious  drying,  has  been  known 
to  matter  the  doors  and  windows  of  the  apart- 
ment : Hence  it  is  evident,  that  aurum  fulmi 
nans  exerts  its  force  in  all  directions ; vet  it 
cannot,  be  denied,  that  it  ftrikes  bodies  with 
which  it  is  in  contaCt  more  violently  than  thofe 
w ich  are  at  a fmall  diftance,  though  in  its  vi- 
cinity. lhus,  if  a fmall  portion  of  it  explodes 
n a paper  box,  it  Iacerates  only  the  bottom, 
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(e)  When  carefully  and  gradually  exploded 
in  a glafs  phial  or  a paper  box,  it  leaves  a purple 
foot,  in  which  are  found  many  particles  of 
Iliining  gold;  nay,  if  the  quantity  exploded 
be  large,  feverai  grains  remain  totally  unchan- 
ged ; for  it  is  only  the  ftratum  next  to  the  heat 
which  is  inflamed,  as  may  be  (hewn  by  an  eafy 
experiment,  namely,  if  the  fulmination  be  per- 
formed over  a large  furface  of  burning  coals ; 
for,  in  that  cafe,  a number  of  decrepitations 
will  be  heard,  occafioned  by  grains  of  the  aurum 
fulminans  difperfed  in  a perfeft  ftate  by  the  ex- 

plofion  of  the  inferior  ftrata. 

(f)  When  moift,  it  does  not  explode  all  at 

once,  but  each  grain,  in  order,  as  it  becomes 
dry,  decrepitates  in  a manner  fimilar  to  com- 
mon fait.  . 

(g)  In  glafs  veffels  clofed,  or  with  their 

mouths  immerfed  in  water  to  prevent  breaking, 
a moderate  quantity  explodes  indeed,  but  with 
a very  weak  noife,  fo  as  fcarcely  to  be  percei- 
ved ; but,  in  the  moment  of  explofion,  an  ela- 
flic  fluid  breaks  forth,  which,  when  cool,  occu- 
pies about  feven  inches,  if  half  a drachm  of  the 
powder  has  been  ufed.  This  air  extinguifhes 
flame,  deflroys  animal  life,  rejects  pure  water, 
and  does  not  even  precipitate  that  which  con- 
tains lime  in  folution. 

(H)  In  metallic  veffels  of  fufficient  ffrength, 
and  perfectly  clofed,  aurum  fulminans,  expofed 
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to  heat,  is  reduced  filently,  and  without  any 
marks  of  violence.  If  the  accefs  of  air  be  only 
partially  prevented,  the  metallic  velfels  are  more 
violently  a&ed  upon  ; but,  if  they  are  of  fuffi- 
cient  llrength,  and  very  fmall  chinks  afford  vent 
to  the  air,  the  fmoke  indeed  penetrates  through, 
but  gently,  and  without  burfling,  as  I twice  ex- 
perienced in  about  half  a fcruple  of  this  calx, 
with  which  I filled  a brafs  rofe,  and  flopped  the 
aperture  with  a ftrong  fcrew  ; for,  in  this  cafe, 
the  vapour  made  its  way  through  the  pores  with 
a hilling  noife. 

\ - 

§ iv.  Means  by  which  the  Fulminating  Property 
may  be  destroyed. 

This  may  be  effected  by  various  methods,  and 
that  even  without  additament. 

(a)  For  inflance,  by  fire  alone,  flowly  and 
cautioufly  increafed.  Let  a degree  of  heat,  at 
firfl,  be  employed  near  to  that  which  ufually  oc- 
cafions  the  explofion  : This  mufl  immediately 
be  flackened  a little,  and  thus  alternately  be  in- 
creafed and  diminifhed.  Upon  continuing  this 
operation  a long  time,  the  aurum  fulminans 
gradually  becomes  capable  of  refilling  a fire 
more  and  more  intenfe,  at  length  grows  of  an 
obfcure  black,  and  lofes  all  its  fulminating  pro- 
perties. This  experiment  requires  confiderable 
patience ; for,  unlefs  the  fire  be  fkilfully  regu- 
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lated,  and  the  fmalleft  agitation  and  fri&ion  a- 
voided,  the  powder  explodes  at  once  with  its 
ufual  vehemence,  and  flies  off  in  the  form  of 
vapour. 

(b)  This  effe£t  is  more  commodioufly  obtain- 
ed by  the  addition  of  a dry  fubftance  of  any 
fort,  provided  it  be  well  pulverized,  and  inti- 
mately mixed  with  the  aurum  fulminans  by  tri- 
turation, fo  that  the  particles  of  the  latter  may 
be  feparated  as  much  as  poflible ; for  this  being 
done,  (which  may  be  eafily  tried  with  fmall  por- 
tions), the  mixture  may  fafely  be  expofed  to  the 
fire. 

Sulphur  has  been  long  ufed  for  this  purpofe 
iri  the  following  way.  Let  powder  of  fulphur  be 
mixed  with  an  equal  weight,  or  half  its  weight, 
of  aurum  fulminans,  then  melted  for  a fhort 
time  with  a gentle  heat  without  fmoke,  after  this 
with  evaporation,  and,  finally,  burned  with  de- 
flagration. This  is  done  much  more  eafily  by 
putting  the  mixture  by  degrees  into  a crucible 
previoufly  fo  heated,  that  the  fulphur  will  flame 
upon  touching  it ; for,  in  this  cafe,  although  a 
few  grains  decrepitate,  they  are  not  difperfed. 
This  may  be  effected  with  ftill  greater  eafe,  by 
adding  the  aurum  fulminans  gradually  to  the 
fulphur  in  fufion. 

The  falts,  either  alkaline  or  middle,  are  fuf- 
ficient  for  this  purpofe,  and  are  ufed  with  great 

advantage, 
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advantage,  becaufe  they  may  be  afterwards  fe- 
parated  by  ablution. 

This  operation  fucceeds  alfo  with  the  earths, 
nay,  with  concentrated  vitriolic  acid,  and  other 
liquors,  as  we  (hall  afterwards  fee,  (§  vm.  and 
ix.).  In  a word,  aurum  fulminans  is  deprived 
of  its  fulminating  property,  if  expofed  to  a de- 
gree of  heat  fufficient  to  caufe  the  explofion,  if 
at  the  fame  time  the  fulmination  be  prevented 
by  any  means  whatever,  even  by  external  force. 

§ v.  Chief  Opinions  concerning  the  caufe  of  the 

Explofion. 

\ 

Various  explanations  of  this  explofive  pro- 
perty are  to  be  found  among  chemifts ; fome  of 
which,  being  delivered  in  an  unintelligible  man- 
ner, we  may  properly  pafs  over,  and  confider 
the  others  as  diftributed  into  four  claffes  ; for 
philofophers  have  thought,  that  this  wonderful 
phenomenon  might  be  attributed  to  a faline, 
a fulphureous,  or  an  aerial  principle,  or,  final- 
ly, to  many  of  thefe  jointly ; yet  fome  there  are, 
who  with  jufiice  confider  all  the  explanations 
hitherto  given  as  infufficient. 
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§ vi.  Different  Opinions  concerning  the  Caufe , 
fuppofed  to  be  f aline. 

Thofe  who  attribute  the  fulmination  to  a fa- 
line  principle,  do  not  yet  agree  with  regard  to 
the  fpecies  of  fait. 

(a)  Some  confider  the  falited  fixed  alkali 
(which  is  called  fal  digeflivus)  adhering  to  the 
calx,  and  decrepitating  in  the  heat,  as  the  caufe 
of  this  phenomenon  ; but  thefe  gentlemen  do 
not  confider,  that  this  fait  is  neither  prefent  nor 
regenerated,  when  the  gold  diiTolved  in  nitrous 
acid,  containing  fal  ammoniac,  or  in  a mixture 
of  nitrous  and  marine  acids,  is  precipitated  by 
volatile  alkali ; and,  befides,  if  the  latter  of  thefe 
folutions  be  precipitated  by  fixed  alkali,  the  pre- 
cipitate is  not  fulminating,  though  the  digeftive 
fait  in  this  cafe  is  prefent. 

(e)  Others  have  recourfe  to  common  nitre, 
which  is  known  to  detonate  with  pnlogiflon  : 
But  here  the  fame  difficulties  occur  ; for  neither 
is  nitre  always  prefent  in  the  preparation  of  au- 
rum  fulminans,  nor,  when  it  is  prefent,  is  the 
calx  always  found  fulminating  ; befides,  this  fait 
does  not  detonate  with  the  calx  of  gold,  but,  on 
the  contrary,  (by  the  method  deferibed  § iv.), 
fesves  to  reduce  it. 

(c)  The  nitre,  called  nitrum  flammans,  feems 
to  be  very  different  in  its  nature.  This  fait 
confifts  of  nitrous  acid  faturated  with  volatile 
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alkali;  and,  from  what  has  been  already  faid, 
the  prefence  of  this  fubftance  in  aurum  ful mi- 
nans  is  obvious  ; befides,  it  poffeffes  the  propel  - 
ty  of  detonating,  without  the  addition  01  phlo- 
giflon  ; and,  befides,  we  are  told  by  authors, 
that  the  vitriolic  acid  and  fixed  alkali  deffroy 
the  fulminating  property  ; the  former,  becaufe 
it  is  more  powerful  than  the  nitrous  acid,  and 
the  latter,  becaufe  it  expels  the  volatile  alkali. 
This  opinion,  therefore,  carries  with  it  an  ap- 
pearance of  probability,  and  almoft  all  the  mo- 
derns have  embraced  it.  In  order,  however,  to 
acquire  a certain  knowledge  of  this  matter,  it 
poffible,  I inftituted  a number  of  experiments, 
the  chief  of  which  I fhall  now  relate. 

§ vn.  Fixed  Alkali  does  not  dejlroy  the  Fulmina- 
ting Property  by  the  Via  Huniida . 

The  fixed  alkali  does  indeed  deprive  gold  of 
its  fulminating  power  by  fire,  as  defcribed  in 
§ iv.  ; but,  in  that  cafe,  it  ads  in  no  other  way 
than  any  other  matter  interpofed  between  the 
particles  ; but  whether  it  aded  in  virtue  of  its 
alkaline  quality,  was  tried  in  another  way. 

(a)  Six  parts  of  alkali  of  tartar  were  there- 
fore well  triturated  in  a glafs,  with  one  of  the 
calx,  and  a few  drops  of  water.  This  being 
done,  a little  more  water  was  poured  on,  and 
all  the  liquor  evaporated  in  a digefting  heat. 

During 
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During  this  operation,  no  veftige  of  urinous 
fmell  couid  be  perceived.  The  mixture,  when 
dried,  and  freed  from  the  faline  parts  by  ablu- 
tion, not  only  fulminated,  but  with  a noife  far 
greater  than  ufual. 

(b)  The  fame  experiment  was  made  in  ano- 
ther way,  namely,  one  part  of  aurum  fulminans 
was  boiled  for  half  an  hour  in  200  of  cauftic. 
lixivium  ; but  its  power  was  rather  increafed 
than  diminifhed  by  this.  Water  was  added, 
to  prevent  the  lixivium  from  acquiring  too 
great  a degree  of  heat,  which  would  of  itfelf 
deftroy  the  fulminating  property,  (§  iv.). 

One  circumftance  1 fliall  remark,  viz.  that  no 
difference  of  efficacy  was  obferved,  whether  the 
calx  was  precipitated  from  its  menftruum  quick- 
ly or  flowly. 

§ vili.  Whether  Acids  dejiroy  the  Fuhninating 

Property. 

As  vitriolic  acid  requires  near  thrice  a great- 
er degree  of  heat  to  make  it  boil  than  pure  wa- 
ter, it  is  no  way  furprifing,  that  boiling  in  this 
acid  ffiould  deftroy  the  fulminating  quality,  as 
before  obferved  : But,  in  order  to  determine 
whether  that  was  the  true  and  only  caufe,  the 
acid  was  fo  far  diluted  with  diftilled  water,  that 
it  could  not  fuftain  too  high  a degree  of  heat, 
and  the  aurum  fulminans  boiled  in  it  for  half 

an 
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an  hour,  when,  after  being  well  edulcorated,  it 
exploded  as  ufual ; nor  does  it,  when  triturated 
and  digefted  with  the  ftrongeft  vitriolic  acid, 
lofe  any  of  its  power,  but  by  boiling  many  par- 
ticles, acquired  the  metallic  fplendour  of  gold. 

(bJ  The  marine  and  nitrous  acids,  when  boil- 
ing violently,  poflefs  a greater  degree  of  heat 
than  boiling  water,  but  inferior  to  that  which  is 
necelfary  for  fulmination  ; Hence  it  happens, 
that  the  latter  of  thefe  fluids  not  only  fails  of 
deftroying  the  fulminating  power  ; but  the  pre- 
cipitate, while  wet  with  this,  decrepitates  in  the 
fame  way  as  if  penetrated  by  water. 

(c)  But  the  marine  acid  diffolves  this  calx 
more  eafily,  and,  upon  evaporation,  almoft  al- 
ways reduces  a part ; for  this  menftruum  na- 
turally contains  phlogifton,  which,  by  means  of 
fuperior  attra&ion,  it  is  obliged  to  yield  to  other 
bodies  : But  the  folution  itfelf,  precipitated  by 
fixed  alkali,  yields  a calciform  and  fulminating 
gold.  Whatever  is  not  diflolved  by  digeftion, 
when  well  edulcorated,  feems  to  have  loft  fcarce- 
ly  any  thing. 

(d)  Upon  adding  vinegar,  and  diftilling  to 
drynefs,  the  fulminating  power  is  found  to  be 
deftroyed.  This,  however,  is  only  to  be  un- 
derftood  of  the  refiduum,  either  not  edulcora- 
ted, or  reduced  by  means  of  heat. 


§ ix. 
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5 ix.  The  Fulminating  Property  may  be  communi- 
cated to  Gold , \ without  the  Intervention  of  Ni- 
trous Acid. 

In  order  to  difcover  whether  the  nitrous  acid 
be  altogether  neceflary,  and  alfo  how  the  pro- 
cefs  would  fucceed  without  the  marine  acid, 
the  following  experiments  were  undertaken. 

(a)  A calx  of  gold  (not  fulminating)  boiled 
in  vitriolic  acid  a little  diluted,  yielded  a yellow 
folution,  for  the  precipitation  of  which,  a large 
quantity  of  cauftic  volatile  alkali  was  neceflary. 
The  precipitate  was  fmall,  but,  after  being  edul- 
corated, fulminated  by  heat. 

(b)  Another  portion,  boiled  in  nitrous  acid 
perfe&ly  freed  from  marine  acid  by  means  of 
filver,  yielded,  though  not  without  boiling  vio- 
lently, a red  folution,  of  the  fame  colour  as  that 
of  platina  in  aqua  regia.  This,  upon  the  fimple 
addition  of  water,  let  fall  a calx,  which,  digeft- 
ed  with  cauftic  volatile  alkali  edulcorated  and 
dried,  exploded  in  the  heat  in  the  fame  way  as 
gold  precipitated  from  the  nitrous  acid  by  cau- 
ftic volatile  alkali,  when  walhed  and  dried. 

(c)  Of  all  acids,  the  muriatic  belt  diffolves 
the  inert  calx  of  gold  ; even  without  heat,  it 
diflfolves  it  readily.  A folution  of  this  kind 'was 
precipitated  by  volatile  alkali,  as  before  j and 
the  fediment,  when  wrafhed  and  dried,  fulmina- 
ted as  ufual. 

§ x. 
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§ x.  The  Culmination  is  not  effected  by  a Nitrum 

Flamnians. 

In  order  the  better  to  underftand  the  detona- 
ting property  of  the  nitrum  flamnians,  let  a por- 
tion of  it  be  put  into  a cold  glafs,  then  let  the 
heat  be  raifed  as  quick  as  poflible,  yet  no  deto- 
nation enfues,  but  the  fait  is  refolved  into  va- 
pour, and  flies  off.  Let  the  glafs  be  hot  at  firft, 
and  the  fait  will  liquefy,  but  not  detonate ; but, 
if  it  fall  upon  an  ignited  glafs,  it  kindles  and 
deflagrates,  with  a noife  and  a yellow  flame.  It 
is  in  vain,  therefore,  to  affign  this  fait  as  the 
caufe  of  the  fulmination.  Befides, 

(a)  The  found  of  this  detonation  is  not  at  all 
correfpondent  to  that  occafioned  by  fulmina- 
tion ; but,  let  us  fuppofe  it  to  be  increafed  by 
the  weight  of  the  fuperincumbent  particles  of 
gold,  which  prevent  it  from  breaking  forth, 
until  the  tendency  to  exploflon,  increafing  more 
and  more,  becomes  at  length  able  to  remove  the 
obftacle  : But  Ample  detonation,  unimpeded, 
requires  a heat  equal  to  ignition.  When  im- 
peded, it  fhould  therefore  require  a greater  de- 
gree. Now  aurum  fulminans  requires  a much 
fmaller  heat ; therefore  fome  other  caufe  befldes 
detonation  muff  operate  here. 

(b)  The  precipitate  of  gold,  which  does  not 
fulminate,  I have  endeavoured  to  unite  by  dry 
triture  with  nitrum  flamnians ; but  by  this  me- 
thod 
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thod  could  obtain  nothing  more  than  a powder 
which  crackled  in  the  heat. 

(c)  As  the  fait  is  fo  eafily  foluble  in  water  as 
readily  to  attraft  humidity  from  the  atmofphere, 
I thought  that  (if  prefent  in  aurum  fulminans) 
it  might  be  feparated  by  boiling.  One  part  of 
it  was  therefore  boiled  with  600  of  diftilled  wa- 
ter for  a whole  hour  ; and,  after  the  interval  of 

a day>  fame  was  boiled  with  600  parts  of 
frefh  water  for  the  fame  length  of  time,  but  in 
vain  ; for  the  powder  fulminated  with  as  great 
violence  as  before.  We  may  here  obferve  the 
gradual  efficacy  of  water  : . Thus,  if  gold  preci- 
pitated from  the  menftruum  be  not  edulcorated, 
it  fcarcely  fulminates  at  all  j if  walked  a little* 
with  cold  water  it  explodes  indeed,  but  with  a 
very  obtufe  found,  and  a diffufed  flaffi  ; but,  if 
it  be  waffied  with  a large  quantity  of  water,  or 
with  hot  water,  it  occafions  an  acute  found  and 
an  obfcure  flaffi.  The  efficacy  of  the  water, 
when  brought  to  this  degree,  is  neither  increafed* 
nor  diminiffied  by  boiling,  as  far  as  the  ear  can 
judge,  which  we  are  obliged  to  truft  to,  fo  long 
as  we  are  deftitute  of  a more  accurate  meafure. 

No  one  can  wonder  at  the  deftru&ion  of  the 
fulminating  quality  in  Papin’s  digefter,  upon 
confidering  the  degree  of  heat  which  it  there 
fuftains,  (§  iv.). 

(d)  Gold  diflolved  in  dephlogiflicated  marine 
acid,  and  precipitated  by  volatile  alkali,  polfelTes 

the 
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the  fulminating  property,  though  nitrous  acid 
has  never  touched  it.  If  any  one  imagines  that 
gold  diffolved  in  aqua  regia  can  never  (by  the 
humid  way)  be  perfedly  freed  from  nitrous  a- 
cid,  he  muft  at  lead  confefs,  that  that  acid  is  al- 
together abfent  when  dephlogifticated  marine  a- 
cid  is  employed  to  diffolve  the  gold.  This  acid 
contains  a certain  quantity  of  phlogifton,  which 
it  is  obliged  to  yield  to  manganefe,  and  then  be- 
comes a yellow  vapour,  which  diffolves  all  me- 
tals, by  taking  from  them  that  quantity  of  phlo- 
gifton which  would  otherwife  impede  the  folu- 
tion  ; and  the  acid  itfelf  is  thus  reftored  to  its 
natural  date ; and  the  combinations  thus  formed 
yield  metallic  falts,  containing  a perfed  marine 
acid. 

From  all  this  we  conclude,  that,  even  though 
the  nitrum  flammans  were,  which  it  is  not,  dif- 
fident to  explain  the  phsenomena,  yet  it  could 
not  be  admitted  as  the  true  and  efficient  caufe. 

§ xi.  Volatile  Alkali  necejfary  to  the  Fulmination . 

(a)  In  order  to  difcover  what  the  volatile  al- 
kali contributed  to  this  effed,  a non-fulminating 
precipitate  was  digefted  for  fome  hours  in  cau- 
ftic  volatile  alkali,  afterwards  edulcorated  and 
dried.  This  fulminated  perfedly. 

(b)  Left  fome  fufpicion  Ihould  remain,  of  a 
remnant  of  the  aqua  regia  adhering  to  the  pre- 
cipitate, 
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cipitate,  notwithftanding  the  edulcoration,  the 
experiment  was  repeated  in  this  way.  After 
digeftion  for  24  hours  in  vitriolic  acid,  the  pre- 
cipitate was  walhed  in  pure  water,  then  immer- 
fed  in  aqueous  and  fpiritous  folutions  of  alka- 
li, both  mild  and  cauftic  j but  the  event  was  the 
fame. 

(c)  An  inert  calx  of  gold,  by  fimple  digeftion 
in  a folution  of  any  fait  containing  volatile  al- 
kali, whether  the  faturating  acid  be  vitriolic, 
nitrous,  or  marine,  pofleffes  the  fulminating  pro- 
perty. The  golden  calx  is  found  increafed  in 
weight  about  0,2  ; and  the  refidua  of  the  am- 
moniacal  folution  contain  a fuperabundant  acid : 
Therefore  the  non-fulminating  calx  of  gold  is 
capable  of  abftra&ing  a certain  quantity  of  vola- 
tile alkali  from  the  ammoniacal  falts  j which 
portion  may  again  be  feparated  by  diftilling  the 
aurum  fulminans  well  walhed  with  vitriolic  a- 
cid  j for  in  the  neck  of  the  retort  a vitriolated 
volatile  alkali  is  found  fublimed. 

(d)  Finally,  we  fhould  recoiled,  that  gold 
cannot  receive  the  fulminating  property  with- 
out volatile  alkali,  (§  11.). 

§ xii.  Whether  the  Fulmi nation  be  effected  by  a 

Sulphur. 

Moft  of  the  ancient  cheinifts,  and  not  a few 
of  the  moderns,  fpeak  of  a certain  folar  fulphur  j 

nay. 
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nay,  fome  contend,  that  gold  is  wholly  a ful- 
phur ; hence  they  derive  the  effects  produced  in 
the  prefent  cafe,  endeavouring  to  perfuade  them- 
felves  and  others,  that  here  the  fame  principles 
co-exift  as  in  gun-powder  and  pulvis  fulminans, 
namely,  fulphur,  nitre,  and  tartar.  But  opi- 
nions like  thefe,  at  once  fubtile  and  obfcure,  we 
fhall  leave  involved  in  their  own  darknefs. 

The  following  obfervations  will  fhew  that  it 
is  without  reafon  any  fulphur  is  fufpe&ed. 

(a)  Of  late  the  fulmination  has  been  attri- 
buted to  a nitrous  fulphur,  generated  in  the  pre- 
cipitation, and  adhering  to  the  calx.  The  won- 
derful fulminating  property  of  this  calx  is  fup- 
pofed  to  be  fufficiently  accounted  for  by  the  de- 
tonation of  nitre  ; but  the  prefence  of  it  in  au- 
rum  fulminans  has  hitherto  been  fought  after  in 
vain.  As  vitriolic  fulphur  may  be  diffolved  in 
a cauftic  lixivium,  and  precipitated  by  acids,  it 
feems  probable  from  analogy,  that  the  fame  pro- 
perty Ihould  belong  to  nitrous  fulphur ; but, 
upon  boiling  in  a cauftic  lixivium,  (§  vii.),  the 
fulminating  power  is  found  entire  ; and,  upon 
the  addition  of  acids  to  the  lixivium,  no  parti- 
cular fmell  is  obferved  ; and  the  gold  is  preci- 
pitated, but  in  exceeding  fraall  quantity. 

(b)  I have  alfo  employed  vitriolic  ether,  that 
moft  powerful  menftruum  of  all  inflammable 
bodies.  This,  on  digeftion  for  fome  days,  be- 
gins to  be  tinged  yellow  $ a golden  pellicle  ap- 
pears 
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pears  upon  the  furface  of  the  liquor  ; nay,  a few 
grains  of  the  calx  lying  at  the  bottom,  exhibit 
the  fplendour  of  gold.  Upon  evaporation  to 
drynefs,  this  folution  yields  fplendid  gold,  not 
at  all  fulminating. 

Gold  feparated  by  aether  from  aqua  regia,  de- 
ffcitute  of  volatile  alkali,  when  precipitated  by 
volatile  alkali,  fulminates ; but  is  totally  void 
of  that  property,  when  thrown  down  by  fixed 
alkali. 

(c)  Common  fulphur  is  not  folubie  in  fpirit 
of  wine,  unlefs  when  both  thefe  fubftances  meet 
in  the  form  of  vapour ; but  we  could  not  thence 
venture  to  conclude  the  fame  of  nitrous  fulphur* 
I therefore  digefted  aurum  fulminans  for  eight 
days  in  re&ified  fpirit  of  wine  ; but  neither  was 
the  liquor  tinged,  nor  did  any  thing  remain  on 
evaporation,  nor  was  the  calx  found  to  be 
changed. 

It  is  worthy  of  obfervation,  that  the  non-ful- 
minating calx  of  gold,  upon  digeftion  for  a few 
days  in  rectified  fpirit  of  wine,  grows  black,  and 
acquires  a fulminating  property,  but  weak,  and 
fcarcely  fimultaneous. 

* 

§ xm.  Whether  the  Fuhnination  be  occaftoned  by 
Aci'ial  Acid. 

r * 

That  fubftance  which  enters  into  the  compo- 
fition  of  certain  bodies,  which,  though  very 

much 
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much  refembling  air,  is  fubflantially  different 
from  it,  has  been  called  by  modern  writers  fixed 
air,  although  it  really  is  a true  and  diftind  acid. 
Some  contend,  that  this  forms  the  bond  of  union 
between  the  particles  of  bodies,  and  in  that  date 
is  fixed,  and  deprived  of  its  elaflicity ; and  that, 
when  a confiderable  quantity  of  this  recovers  its 
elaflicity  at  once,  it  mull:  flrike  violently  upon 
the  atmofpheric  air,  thereby  exciting  undula- 
tions, and  confequently  a found,  which  is  vari- 
ous according  to  circumftances. 

They  think,  that,  in  the  prefent  cafe,  the  gold 
in  folution  lofes  its  fixed  air,  which  it  again  re- 
covers in  (till  greater  quantity  during  the  preci- 
pitation, as  the  calx  is  found  increafing  in  weight. 
The  precipitate  being  then  expofed  to  fire,  this 
aerial  matter  is  fuddenly  forced  to  quit  the  calx, 
notwithflanding  the  weight  of  the  particles  of 
gold  : By  means  of  which,  however,  the  erup- 
tion being  impeded,  is  made  far  more  violent ; 
hence  the  extraordinary  noife.  The  following 
obfervations  will  fhew  clearly,  that,  in  this  in- 
flance,  the  fixed  air  does  not  ad  in  this  cafe. 


(a)  Ihe  elaflic  fluid  which  may  be  cqlleded 
during  the  fulmination,  is  not  abforbed  by  wa- 
ter ; nor  does  it  precipitate  lime  from  that  fluid 
(§  ni.  c.). 

(b)  Gold  precipitated  by  mild  fixed  alkali 
oe>  not  fulminate,  unlefs  the  menftruum  con- 
tains volatile  alkali. 

Vol.  II. 
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(c)  Gold  precipitated  by  cauftic,  as  well  ?is 
mild  volatile  alkali,  fulminates. 

(d)  Gold  in  its  precipitation  rejects  the  aeri- 
al acid. 

§ xiv.  'The  Phenomenon  of  Fulmination  explained* 

From  what  has  been  faid,  it  is  plain,  that  the 
vitriolic  and  marine  acids  are  no  lefs  favourable 
to  fulmination  than  the  nitrous,  (§  ix.),  yet  that 
neither  of  thefe  is  otherwife  neceffary,  than  as 
diffolving  and  attenuating  the  metal,  (§  xi.) ; 
and,  finally,  that  no  fulmination  takes  place 
without  volatile  alkali,  (§  xi.).  lhe  queftion 
therefore  is,  how  the  volatile  alkali  aids  in  this 
cafe  ? To  this  queftion  I fhall  endeavour  to  give 
the  beft  anfwer  which  experience  has  pointed  out. 

(a)  From  the  very  nature  of  the  thing  it  is 
plain,  that  fo  great  a report,  and  fo  violent  an 
explofton,  could  not  happen  but  by  means  of  the 
copious  and  inftantaneous  eruption  of  fome  ela- 
ftic  fluid  violently  ftriking  the  common  air  j 
and  that  this  is  the  cafe  in  the  fulmination,  we 
have  already  obferved  (§  m.  ©•)  j but,  for  the 
better  underftanding  this  operation,  it  is  necei- 
fary  to  confider  the  conftituent  parts  of  aurum 
fulminans,  namely,  the  volatile  alkali  and  the 

calx  of  gold. 

(b)  It  cannot  be  doubted  that  volatile  alkali 

always  contains  phlogifton.  To  pafs  over  other 

proofs, 
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proofs,  it  may  be  fufficient  to  mention  its  deto- 
nation with  nitre.  Now  this  phlogifton  may  be 
feparated  by  means  of  a fuperior  attraction  ; fo 
that  the  volatile  alkali  is  decompofed,  and  the 
refiduum  diflipated  in  the  form  of  an  elaftic  fluid, 
altogether  fimilar  to  that  which  is  extricated  du- 
ring the  fulmination.  The  fource,  then,  from 
whence  the  elaftic  fluid  is  derived,  is  obvious  ; 
it  remains  to  examine  the  medium  by  which  the 
volatile  alkali  is  dephlogifcicated. 

(c)  In  thofe  metals  which  are  called  perfect, 
fo  great  is  the  firmnefs  of  texture,  and  fo  clofe 
the  connexion  of  the  earthy  principle  with  the 
phlogifton,  that  by  means  of  fire  alone,  thefe 
principles  cannot  be  difunited  ; but,  when  dif- 
folved  by  acid  menftrua,  they  muft  neceffarily 
lofe  a portion  of  their  phlogifton  j and,/ there- 
fore, when  afterwards  precipitated  by  alkalis, 
which  cannot  fupply  the  lofs,  they  fall  down  in. 
a calcined  date  : They,  however,  attraCt  phlo- 
gifton fo  forcibly,  that  they  can  be  again  redu- 
ced to  a metallic  date  without  additament,  mere- 
ly by  an  intenfe  heat  penetrating  the  veffels. 
Gold,  therefore,  is  calcined  by  folution  ; and 
this  may  be  laid  down  as  a fundamental  pofition, 
being  exprefsly  treated  of,  and,  if  I miftake  not, 
undeniably  demonftrated,  in  another  place. 

(d)  Let  the  powder,  now  confiding  of  calx 
of  gold  and  volatile  alkali  intimately  united,  be 
expofed  to  an  heat  gradually  increafing,  and  let 
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us  examine  what  will  be  the  confequence.  The 
calx,  which  is  united  with  the  volatile  alkali,  by 
the  a Alliance  of  a gentle  heat  feizes  its  phlogi- 
fton ; and  when  this  is  taken  away,  the  refi- 
duum  of  the  fait  is  inftantaneoufly  expanded  in- 
to the  form  of  an  elaftic  fluid,  which  is  perform- 
ed with  fo  much  violence,  that  the  air  muff 
yield  a very  acute  found.  The  calx  may  indeed 
be  reduced  by  means  of  a very  intenfe  heat  a- 
lone  ; in  which  procefs  the  heat  is  decompofed, 
and  yields  its  phlogiflon  to  the  calx,  upon  which 
the  other  principle,  the  pure  air,  is  fet  at  liberty. 
But,  in  the  prefent  inflance,  a fmaller  degree  of 
heat  feems  to  be  neceflary  than  when  the  vola- 
tile alkali  is  abfent ; hence  we  may  impute  the 
reduction  chiefly  to  it,  although  it  can  fcarcely 
be  denied  that  foine  particles  are  reduced  by  the 
heat  alone.  This  we  colled  from  the  obfcure 
flafli ; for  light,  fo  far  as  experiment  has  yet 
fhewn,  is  nothing  more  than  the  matter  of  heat, 
with  a fuperabundance  of  phlogiflon.  A part, 
therefore,  of  the  calx  being  reduced  by  the  phlo- 
giflon of  the  heat,  the  pure  air  (the  other  ingre- 
dient) is  fet  at  liberty,  and  attacks  the  fuperflu- 
ous  volatile  alkali,  (which  is  now  hot),  and  i« 
fo  loaded  with  the  phlogiflon  of  the  alkali,  that 
it  exhibits  the  appearance  of  light ; for  this  can- 
not be  attributed  to  the  furrounding  air,  as  the 
phenomenon  takes  place  even  in  aerial  acid. 
But,  that  the  volatile  alkali  can  in  this  way  pro- 
duce 
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duce  a flafli,  is  evidently  {hewn  by  another  ex- 
periment ; for  if  this  fait  be  thrown  into  an  hot 
crucible,  it  inftantly  exhibits  a flafli.  The  vo- 
latile alkali,  in  its  ordinary  temperature,  does 
not  yield  its  phlogifton  to  pure  air  \ but  that 
principle,  being  of  itfelf  very  fugitive,  upon  the 
accefs  of  heat  is  much  more  eahly  fet  at  liberty, 
and  unites  with  the  pure  air. 

A Tingle  cubic  inch  of  gun-powder  generates 
about  244  of  elaftic  fluid  ; but  the  fame  quan- 
tity of  aururn  fulminans  yields  at  leafl  four 
times  as  much  ; and  hence  we  may  eafily  un- 
derhand the  difference  in  their  explofive  force. 

The  above  explanation  of  the  report,  founded 
upon  the  knowledge  of  the  compofition  of  heat, 
and  of  aurum  fulminans,  feems  abundantly  fa- 
tisfadory  ; but  forne  phenomena  ftill  remain 
not  fufficientiy  accounted  for. 

That  careful  calcination  Ihould  deftroy  the 
fulminating  property,  is  not  to  be  wondered  aS 
(§  iv.  a),  as  the  volatile  alkali  is  the  indifpen- 
fable  material  caufe,  (§  xi.)  ; but  the  peculiar 
alacrity  which  it  acquires  before  the  explofive 
force  is  totally  extinguished,  depends  upon  the 
nature  of  the  materials,  and  of  the  operation. 
Thus  the  heat,  when  inferior  to  that  neceflary 
for  fulmination,  ads  upon  both  the  principles 
of  the  aurum  fulminans ; it  prepares  the  metal- 
lic calx  for  a more  violent  attradion  for  phlo- 
gifton  j it  alfo  ads  upon  the  phlogifton  of  the 
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volatile  alkali,  and  loofens  its  connexion.  Theft 
two  circumftances  mult  tend  to  the  union  pro- 
ducing the  explofion.  But  this  effed  has  a 
maximum ; and,  at  this  period,  the  flighted 
friction  fupplies  the  defed  of  necelTary  heat,  and 
produces  the  fulmination.  The  calcined  gold 
alfo  feems  to  colled  and  fix  the  matter  of  heat, 
though  (till  infufficient,  by  means  of  its  phlo- 
gifton,  in  a certain  degree ; fo  that,  by  means 
of  fridion,  though  but  very  flight,  it  becomes 
capable  of  exerting  its  force : But,  when  the 
heating  is  often  repeated  without  producing  its 
effed,  the  volatile  alkali  is  by  degrees  diflipated, 
and  at  length  fo  much  diminifhed,  that  the  calx 
becomes  inert.  That  this  diffipation  is  promo- 
ted by  enlarging  the  furface,  is  evident  ; and 
this  explains  the  mode  of  adion  of  the  hetero- 
geneous particles  interpofed  between  thofe  of 
the  calx,  (§  iv.  b.). 

But,  if  aurum  fulminans  is  capable  of  produ- 
cing fuch  a prodigious  quantity  of  elaftic  fluid, 
how  does  it  happen  that  it  remains  mute  and 
inert  when  reduced  in  clofe  vefl'els  ? This  I 
take  to  be  the  reafon.  Every  elaftic  fluid,  in  the 
ad  of  breaking  forth,  requires  a fpace  to  expand 
in  ; if  this  be  wanting,  it  remains  fixed,  as  has 
been  already  demonfirated.  Taking  this  for 
granted,  a calx  of  gold  cannot  be  reduced  in 
clofe  velfels  either  by  heat  or  by  the  phlogifton 
of  volatile  alkali ; for  in  either  cafe  it  muff  e- 
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volve  its  elaftic  fluid,  which  by  fuppofition  it 
cannot  do.  Nothing  remains  to  folve  this  diffi* 
culty  but  the  ignition  of  the  furrounding  metal, 
by  means  of  which  the  calx,  in  virtue  of  its  fu- 
perior  attra&ion,  feizes  the  phlogifton  of  the 
metal,  which  that  fubftance,  here  as  well  as  in 
other  inftances,  is  capable  of  lofing  without  the 
eruption  or  abforption  of  any  fluid  whatever. 

Whether  this  explanation  be  fatisfadlory  or 
not,  I leave  to  the  decifion  of  the  judicious. 

(e)  The  (lories  told  us  by  authors,  of  the  ful- 
minating property  of  certain  metals,  particular- 
ly copper  and  filver,  have  not,  I confefs,  been 
verified  by  my  experiments ; fo  they  have  either 
been  filent  upon  fome  circumftances  neceflary  in 
the  operation,  or  perhaps  have  been  deceived 
by  the  detonation  of  nitrum  fiammans,  or  fome 
other  accidental  occurrence.  It  is  not  fufflcient 
for  the  volatile  alkali  to  adhere  to  the  precipi- 
tate ; for  platina  thrown  down  by  this  alkali, 
retains  a portion  of  the  alkali  very  obflinately, 
but  yet  does  not  fulminate  on  expofure  to  fire. 
Befides  the  prefence  of  volatile  alkali,  it  feems 
to  be  neceflary  that  the  metallic  calx  fliould  be 
reducible  by  a gentle  heat,  in,  order  to  decom- 
pofe  it : But  every  explofion  is  not  to  be  derived 
from  the  fame  caufes  ; nay,  in  this  refpedl,  au- 
rum  fulminans,  gun-powder,  and  pulvis  fulmi- 
nans,  difl'er  very  much,  though  they  agree  in 
feveral  particulars. 
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SCHEFFER  was  the  firfl  who  pro- 


» perly  examined  the  new  metal  which 
was  lately  found  in  America,  and  brought  to 
us  under  the  name  of  platina.  In  the  year 
1752  he  inveftigated  its  properties,  and  demon- 
flrated,  that,  in  perfe&ion,  it  approached  to 
gold,  and  therefore  gave  it  the  name  of  white 
gold.  After  him  many  experienced  chemifts, 
with  laudable  induftry,  have  laboured  in  the  ac- 
curate examination  of  this  fubftance  ; fo  that 
we  may  fay  with  juftice,  that  there  are  few  of 
the  metals,  though  known  and  ufed  for  eighteen 
centuries  and  upwards,  which  have  undergone 
fo  accurate  an  inveftigation,  by  means  of  the 
mod  acute  experiments.  Notwithlianding  this. 


§ 1.  Introduction 


however. 
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however,  many  circumftances  occur  to  an  in- 
quirer which  are  hill  obfcure,  and  not  fufficient- 
ly  elucidated  by  experiment ; and  hence  have 
arifen  many  difientions.  Some  of  thefe  points 
I hope  I fhall  be  able  to  elucidate,  efpecially  as 
I am  in  poffeffion  of  a fufficient  quantity  of  pla- 
tina,  by  the  generofity  of  the  Baron  Claudius 
Alftromer,  who  had  brought  it  with  him  upon 
his  return  from  Spain. 

S n*  Platina  precipitated  by  means  of  Vegetable 

Alkali. 

This  new  metal  diffolved  in  aqua  regia,  exhi- 
bits, upon  precipitation,  many  peculiar  proper- 
ties worthy  of  accurate  examination.  We  fhall 

begin  by  the  precipitate  occafioned  by  vegetable 
alkali. 

(a)  Aqua  regis,  compofed  of  nitrous  and  ma- 
rine acid,  attacks  platina,  exhibiting  a folution 
at  fil'd  yellow,  but  which,  when  further  loaded, 
grows  red ; and  the  colour  grows  the  deeper  as 
the  folution  is  more  loaded  with  the  metal. 
Upon  evaporation  cryftals  are  produced,  of  a 
deep  red  colour,  frequently  opake,  but  fome- 
tanes  pellucid  ; in  general  very  fmall,  irregular, 
and  refembhng  angular  grains,  the  real  form  of 
which  I have  not  yet  been  able  to  difcover. 

O)  -Thefe  cryftals,  waflied  and  well  dried, 
require  far  more  water  than  gypfum  does  to  dif- 

folve 
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folve  them  by  boiling.  The  folution  is  yellow, 
and  feparates  fome  pale  flocculi,  which  are  pro- 
bably martial.  Vegetable  alkali  does  not  difturb 
the  folution  ) nay,  the  cauftic  lixivium  of  this 
alkali,  when  hot,  does  not  dilfolve  the  cryftals, 
or  at  leaft  attacks  them  very  faintly,  even  al- 
though a digefting  heat  be  applied,  and  the  li- 
qnor  evaporated  to  drynefs.  By  this  method 
the  colour  of  the  cryftals  is  a little  weakened  ; 
the  aerated  mineral  alkali  dilfolved  in  water 
takes  them  up  and  grows  yellow  ; yet  it  remains 
clear,  and  in  many  hours  does  not  depofit  any 
thing  ; but  by  evaporating  to  drynefs,  it  decom- 
pofes  them. 

(c)  The  folution  (a),  upon  the  addition  of  a 
little  vegetable  alkali,  either  aerated  or  cauftic, 
immediately,  or  at  leaft  in  a few  minutes,  depo- 
fits  fmall  ponderous  red  cryftals,  of  a different 
nature  from  thofe  mentioned  in  b.  Thefe  are 
fometimes  diftinctly  octaedral,  and  foluble  in 
water  : They  are  decompofed  with  difficulty  by 
the  mineral,  but  are  not  changed  by  the  vege- 
table alkali. 

But,  if  the  alkaline  fait  be  added  in  larger 
quantity,  the  fuperfluous  acid  being  faturated, 
there  is  feparated  a yellow  fpongy  powder  info- 
luble  in  water,  which  exhibits  a calx  of  platina. 

The  clear  folution  (a ) reduced  fo  far  by  eva- 
poration, that  the  remaining  liquor  confifted 
only  of  a few  drops,  upon  the  addition  of  the 

alkali 
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alkali  exhibited  the  fame  phenomena  as  men- 
tioned  above,  except  that  the  cryflalline  powder 
was  of  a deeper  yellow. 

(d)  Inftead  of  the  vegetable  alkali,  let  the 
fame,  faturated  with  an  acid,  either  vitriolic,  ni- 
trous, marine,  or  acetous,  be  employed ; never- 
thelefs,  the  red  cryftalline  molecules  appear  ; 
but  by  this  method  the  whole  of  the  platina  can- 
not be  feparated,  as  in  the  foregoing  paragraph 
(c)  ; for  the  folution  retains  a deep  yellow  co- 
lour, however  abundantly  thefe  falts  be  added  ; 
nor  does  any  genuine  calx  of  platina  fall,  except 
upon  the  addition  of  an  alkali ; for  which  pur- 
pofe  either  the  mineral  or  vegetable  will  ferve. 

00  I took  the  fame  weight  of  platina  as  in  a, 
and  tried  it  with  an  equal  bulk  of  mendruum, 
confiding  wholly  of  nitrous  acid  ; to  which  was 
added,  of  common  fait,  four  times  the  weight  of 
the  metal.  This  nitrous  acid  was  taken  out  of 
the  fame  bottle  as  in  a ; in  a digefting  heat 
all  the  platina  was  diffolved  ; the  folution  was 
red,  but  more  dilute  than  that  in  a;  a yellow 
powder  floated  on  the  furface,  but  at  the  bottom, 
a larger  quantity  of  the  fame  was  found. 

The  clear  folution,  upon  the  addition  of  the 
fmallelt  quantity  of  vegetable  alkali,  depofited  a 
copious  yellow  powder,  which  yet  was  foluble 
in  a fufficient  quantity  of  water.  The  neutral 
falts,  with  a vegetable  alkaline  bafe,  alfo  preci- 
pitated a fimilar  powder  more  flowly  and  more 

cryftalline  ; 
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cryftalline  j but  the  mineral  alkali,  though  em- 
ployed in  fifty  times  the  quantity  of  the  vege- 
table alkali,  does  not  at  all  difturb  the  folution, 
the  abundant  acid  not  being  yet  faturated. 

The  powder  colle&ed  at  the  bottom  was  to- 
tally foluble  in  water,  and  in  its  properties  a- 
grees  with  the  cryftalline  powder  fpontaneoufly 
feparated  in  b,  but  is  of  a yellow  colour. 

(f)  I repeated  the  experiment  with  the  fame 
quantities,  but  inftead  of  the  nitrous  acid  and 
fea-falt,  I ufed  the  marine  acid  and  nitre,  well 
depurated.  In  this  experiment,  the  platina 
yielded  a folution  of  a golden  colour,  together 
with  a greenifh  powder,  moftly  granulated,  the 
more  fubtile  part  of  which  floated  on  the  fur- 
face. 

The  clear  folution  did  not  depofit  any  thing 
upon  the  addition  of  vegetable  alkali,  until  all 
the  fuperfluous  acid  was  faturated,  but  then 
yielded  a metallic  calx  infoluble  in  water. 

The  green  powder  is  wholly  foluble  in  a fuf- 
ficient  quantity  of  water,  and  agrees,  as  to  its 
properties,  with  the  cryftalline  powder  occaflon- 
ed  by  the  vegetable  alkali  in  c and  d. 

(g)  Platina  precipitated  from  aqua  regia  by  a 
fufflcient  quantity  of  mineral  alkali,  well  wafh- 
ed,  and  diflolved  in  marine  acid,  upon  the  addi- 
tion of  vegetable  alkali  immediately  lets  fall  a 
cryftalline  powder  ; which  is  alfo  the  cafe  with 
nitre  and  other  neutral  falts,  whofe  bafis  is  the 

vegetable 
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vegetable  alkali.  I employed  the  additaments, 
efpecially  the  neutral,  dry,  or  at  leaft  well  fatu- 
rated  folutions. 

(h)  The  cafe  is  the  fame  with  calx  of  platina 
diffolved  in  vitriolic  acid. 

(i)  The  precipitate  of  platina  is  taken  up  al- 
fo  in  the  fame  way  by  nitrous  acid,  freed  from 
all  admixture  of  the  marine ; but  this  nitrous 
folution  exhibits  different  properties  with  the 
vegetable  alkali  from  thofe  of  the  muriatic  fo- 
lution in  g ; for  I could  not  obtain  a diftinft 
faline  precipitate,  without  the  addition  of  marine 
acid. 

(k)  That  which  I have  now  affirmed  of  the 
calx  of  platina,  is  alfo  true  of  the  precipitate 
occafioned  by  vegetable  alkali,  after  the  depofi- 
tion  of  the  faline  powder  (c). 

(l)  Upon  comparing  thefe  experiments,  it 
will  readily  appear,  iff,  That  the  precipitate 
which  is  firft  thrown  down,  on  the  addition  of 
vegetable  alkali  to  folutions  of  platina,  is  a fa- 
line fubftance,  and  different  from  the  calx  of 
this  metal  (c)  : 2d,  That  this  faline  precipitate 
is  compofed  of  calcined  platina,  marine  acid, 
and  vegetable  alkali  (defg  and  1)  : 3d,  That 
by  means  of  vitriolic  acid,  a precipitate  analo- 
gous to  this  may  be  obtained,  compofed  of  cal- 
cined platina  and  vegetable  alkali,  joined  to  vi- 
triolic acid  (h)  : 4th,  That  the  whole  folution 
of  platina  cannot  be  precipitated  in  the  form  of 
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a triple  fait  by  the  vegetable  alkali,  either  difen- 
gaged,  or  otherwife  ; but  that  a determined  limit 
takes  place,  upon  palling  which  it  yields  a me- 
tallic calx  in  the  ufual  way,  like  other  metals. 

§ hi.  Platina  precipitated  by  means  of  the  Mine- 
ral Alkali. 

The  moft.  celebrated  chemift  of  the  age,  Mr 
Margraaf,  denies  that  a folution  of  platina  can 
be  precipitated  by  mineral  alkali,  which  Dr 
Lewis  confirms  on  repeating  the  experiment. 
Now,  as  none  of  the  metals  adhere  to  acids 
with  fo  much  force  as  to  refufe  quitting  them 
on  the  addition  of  mineral  alkali,  platina  would 
form  a very  fmgular  exception ; I therefore 
thought  this  circumflance  worthy  of  particular 
examination. 

(a)  I tried  the  common  folution  of  platina 
with  a folution  of  mineral  alkali ; each  drop,  on 
falling  in,  excited  a violent  effervefcence,  but 
no  precipitate  appeared.  I ftill  continued,  how- 
ever, to  drop  in  the  alkali,  and  at  length  the  fo- 
lution began  to  grow  turbid  ; and  a fpongy  yel- 
low powder  was  precipitated,  confifling  of  a ge- 
nuine calx  of  platina. 

■ I afterwards  effected  the  fame  more  quickly, 
by  employing  the  mineral  alkali  dry,  and  fpon- 
taneoully  calcined. 

' (b)  In 
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(b)  In  order  the  better  to  determine  the  dif- 
ferent efficacies  of  the  fixed  alkalis,  I divided  a 
folution  of  platina,  as  yet  very  acid,  into  two 
equal  parts ; to  one  of  them  I added  fmall  por- 
tions of  the  vegetable,  and  to  the  other  an  equal 
weight  of  pieces  of  mineral  alkali.  Between 
the  addition  of  every  two  pieces  I waited  five 
minutes,  till  the  effervefcence  had  ceafed.  Af- 
ter the  third  addition,  I obferved  fmall  cryftals 
appearing  in  the  firft,  partly  on  the  furface, 
partly  on  the  bottom  while,  at  the  fame  time, 
no  reparation  of  calcined  platina  appeared  in  the 
latter,  until  after  the  addition  of  fifty-fix  times 
the  quantity  of  the  vegetable  alkali.  The  diffe- 
rence was,  however,  flill  greater  than  at  firft 
appears  from  this  experiment ; for  the  vegetable 
alkali  was  cryftallized,  and  therefore  charged 
with  the  water  neceffary  to  its  cryftalline  form  ; 
whereas  the  mineral  alkali  was  fpontaneoufly 
calcined  \ and  although,  in  equal  weights  of 
thefe  two  alkalis,  the  pure,  alkaline  parts  are  as 
3 to  2,  yet  3 parts  of  vegetable  alkali  faturated 
only  1,71  of  this  aqua  regia,  while  2 of  the  mi- 
neral alkali  took  up  about  2,6. 

A difference  fo  great  as  this,  together  with 
the  then  undifcovered  faline  nature  of  the  preci- 
pitate firft  thrown  down  by  the  vegetable  alkali, 
undoubtedly  contributed  to  deceive  thefe  expe- 
rienced and  defervedly  admired  chemifts  \ a cir- 
cumftance  which  is  by  no  means  wonderful. 

(c)  In 
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(c)  In  refped  of  precipitation,  therefore,  the 
mineral  alkali  fuffers  no  impeachment,  but  ra- 
ther the  vegetable  exhibits  a very  Angular  habi- 
tude with  regard  to  dilfolved  platina,  which  it 
does  i>ot  polfefs  with  any  other  metal. 

§ iv.  Platina  precipitated  by  means  of  Volatile 

Alkali. 

Dr  Lewis  was  the  firft  who  fhewed  that  pla- 
tina may  be  precipitated  by  fal  ammoniac.  This 
is  a Angular  phenomenon,  which  we  fliould  by 
no  means  expeft  from  a neutral  fait,  and  which 
I have  never  yet  feen  explained.  The  follow- 
ing obfervations  are  intended  to  illuftrate  this 
procefs. 

(a)  The  volatile  alkali,  whether  mild  or  cau- 
ftic,  precipitates  platina  in  the  fame  way  as  de- 
fcribed  § n.  c ; at  firft  it  throws  down  the  me- 
tal in  a faline  form  7 and,  although  the  grains 
be  fmall,  yet  they  are  of  a cryftalline  fhape, 
which,  upon  examination,  is  fometimes  found 
to  be  diftindtly  ottaedral. 

Their  colour  varies  according  to  the  intenfi- 
ty  of  the  foiution.  When  red,  it  depoAts  red 
cryftals  j and  when  more  dilute,  no  other  than 
yellow.  After  the  fuperabundant  acid  has  been 
faturated,  the  fame  alkali  precipitates  the  plati- 
na truly  calcined. 


(b)  The 


00  The  faline  precipitate,  though  flowly  ta- 
ken up  by  water,  yet,  if  the  quantity  of  water 
be  fufficient,  is  totally  difl'olved,  and  may,  by 
evaporation,  be  reduced  to  more  regular  cryftals. 

The  mineral  alkali  diflolves  thefe  cryftals  ; 
but  fcarcely  any  figns  of  decompofition  appear, 
unlefs  the  yellow  folution,  evaporated  to  dry- 
nefs,  be  again  difl'olved  in  water  5 for  then  the 
metallic  calx  refts  at  the  bottom,  and  the  folu- 
tion  wants  the  yellow  colour.  The  vegetable 
alkali  has  fcarcely  any  effeft  in  this  way ; for, 
after  repeated  exliccation,  the  folution  remains 
clear  and  yellow  ; but  here  it  appears  very  pro- 
bable, that  this  alkali  takes  the  place  of  the  vo- 
latile ; for  in  larger  quantities,  and  efpecially 
when  the  cauftic  vegetable  alkali  is  employed, 
the  expulfion  of  the  volatile  alkali  is  in  fome 
degree  manifeft  by  the  fmell. 

(c)  The  volatile  alkali,  faturated  with  any 
acid,  throws  down  a fimilar  faline  precipitate  $ 
at  lead:  it  produces  the  effeft,  whether  it  be  join- 
ed with  vitriolic,  nitrous,  or  marine  acids  ; but 
thefe  neutral  falts  precipitate  only  a determined 
quantity  of  platina  ; for,  after  the  ceffation  of 
their  effea,  the  remaining  liquor,  upon  the  ad- 
dition of  vegetable  or  volatile  alkali,  lets  fall  a 
pure  calx. 

(d)  The  calx  of  platina,  precipitated  by  mi- 
neral alkali,  and  then  diffolved  in  any  Ample 
acid,  as  vitriolic,  nitrous,  or  marine,  exhibits 
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nearly  the  fame  phaenomena  with  volatile  alkali, 
whether  difengaged  or  otherwife,  as  it  does  with 
the  vegetable  alkali. 

(e)  Upon  confidering  thefe  experiments, 
therefore,  we  may  conclude,  that  platina,  dif- 
folved  in  acids,  forms  at  firft,  as  well  with  the 
volatile  as  with  the  vegetable  alkali,  a triple  fait, 
which  is  difficultly  foluble,  and  therefore  almoft 
always  falls  in  the  manner  of  a precipitate,  un- 
lefs  the  quantity  of  water  be  more  abundant 
than  ordinary. 

N 

§ V.  Platina  precipitated  by  means  of  Lime. 

(a)  Lime,  whether  aerated  or  cauftic,  preci- 
pitates platina  in  the  fame  manner  as  the  mine- 
ral alkali  does,  without  any  cryftalline  appear- 
ance. 

(B)  Upon  the  confideration  of  thefe  phaeno- 
mena, there  appears  a fingular  analogy  between 
the  vegetable  and  volatile  alkalis,  and  between 
the  mineral  alkali  and  lime.  A like  agreement 
takes  place  between  thefe  fubftances  in  other 
inftances.  I (hall  mention  one  remarkable  ex- 
ample. Alum,  extrafted  from  argillaceous  mat- 
ters by  means  of  vitriolic  acid,  fometimes  can- 
not,  without  difficulty,  be  reduced  to  folid  re- 
gular cryftals  ; but,  by  the  addition  of  a fmall 
quantity  of  vegetable  alkali,  this  inconvenience 
may  be  remedied,  and  the  volatile  alkali  pro- 
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duces  the  fame  effed.  It  may  be  fufpefted,  that 
this  is  owing  to  the  abftradlion  of  fuperabun- 
dant  acid  ; but  it  cannot  be  done  either  by  mi- 
neral alkali  or  lime,  both  of  which  are  capable 
of  faturating  the  acid  : Befides,  not  only  the  ve- 
getable and  volatile  alkalis  affift  the  cryftalliza- 
tion  of  alum  when  they  are  difengaged,  but  al- 
fo  when  united  with  acid,  which  makes  the  re- 
femblance  complete.  The  matrixes  of  alum 
frequently  contain  the  proper  alkali,  either  na- 
turally combined  with  them,  or  fuperadded  in 
the  roafting  ; and  hence  it  is  feldom  neceffiiry, 
in  the  preparation  of  alum,  to  promote  the  cry- 
ftallization  by  alkalis, 

§ vi.  Difficulty  with  which  Platina  is  fuffid. 

It  is  well  eftabliihed,  that,  of  all  known  me- 
tals, platina  is  the  moft  difficult  of  fufion  ; for, 
in  its  perfect  hate,  it  is  fcarcely  to  be  overcome* 
except  in  the  focus  of  a burning  mirror  ; while 
mercury,  on  the  contrary,  finds  fufficient  heat 
in  the  coldefi  winter  to  preferve  a fluid  form. 
But,  not  long  fince,  the  celebrated  Delifle  dif- 
covered  a method  by  which  platina  may  be  fufed 
even  by  a common  fire.  Thus  the  precipitate 
bbtained  by  fal  ammoniac,  expofed  without  ad- 
ditament  to  a molt  violent  degree  of  heat  in  a 
blaft-furnace,  yields  a polifhed  metallic  globule, 
which  is  fometimes  fufficiently  malleable.  I 

^ ^ have 
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have  repeated  the  experiment  with  fuccefs ; but, 
in  order  to  obtain  the  regulus  in  a malleable 
{late,  the  quantity  mud  be  very  fmall,  and  the 
heat  very  intenfe. 

(a)  I tried  whether  platina,  precipitated  by 
fal  ammoniac,  could  be  fufed  by  the  blow-pipe. 
In  order  to  make  a fmall  portion  remain  on  the 
charcoal,  notwithflanding  a violent  blaft,  I added 
to  it  a little  microcofmic  fait  in  fufion,  and,  in 
a few  minutes,  obtained  a poliflied  globule,  but 
fo  very  fmall,  that,  when  beaten  out,  it  yielded 
a circular  plate  of  only  one  line  in  diameter.  I 
found  means,  by  the  addition  of  microcofmic 
fait,  to  reduce  feven  or  eight  of  thefe  plates  in- 
to one  mafs,  equal  in  bulk  to  the  head  of  a com- 
mon pin ; and,  after  beating  this  out,  I once  re- 
duced it  again  to  a globular  form,  dill  prefer- 
ring its  malleability,  but  could  not  fufe  it  again  ; 
•for,  being  imperfeftly  fufed,  it  broke  under  the 
hammer. 

Borax  is  fcarcely  of  any  ufe  in  this  operation  ; 
for  it  expands  upon  the  coal,  together  with  the 
precipitate. 

(b)  The  faline  precipitate  thrown  down  by 
volatile  alkali,  treated  in  the  fame  manner,  ex- 
hibits the  fame  properties  as  the  foregoing. 

(c)  1 found  fo  great  refemblance  between  the 
precipitate  occafioned  by  the  volatile  and  by  the 
vegetable  alkali,  that  I fhould  have  concluded, 
that  in  this  experiment  they  would  prove  to  be 

fimilar  $ 
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fimilar  ; but  I have  often  had  occafion  to  fee 
how  little  analogy  is  to  be  confided  in  ; I there- 
fore made  the  experiment  with  the  cryftals  ob- 
tained by  vegetable  alkali,  and  found  my  con- 
jecture to  be  juft. 

(d)  The  cryftals  obtained  by  fpontaneous 
evaporation  (§  n.  b),  after  completely  drying, 
when  added  to  the  microcofmic  fait  in  fufion, 
decrepitate  more  violently  than  thofe  obtained 
by  means  of  the  alkaline  fait,  (§  n.  c ; and  iv. 
a).  Somewhat,  however,  remains  in  the  fixed 
mafs,  which  is  not  unfrequently  reduced  upon 
its  furface,  yielding  a pellicle  of  a fiber  colour  ; 
but  1 have  not  hitherto  been  able  to  reduce  it  to 
a globule.  Thus  far  I have  advanced,  namely, 
to  obtain  the  platina  collected  together  within 
the  fait,  in  a white  mafs  of  an  irregular  form  • 
but  the  particles  of  this  fpongy  mafs  were  fe- 
parable  by  mechanical  force.  This  is  the  cafe 
with  the  calxes  of  platina,  by  whatever  alkali 
they  are  precipitated,  f§  hi.  a;  ii.  c ; and  iv. 
a ) ; therefore  it  feems  very  probable,  that  the 
principle  which  difpofes  to  fufion  is  fupplied  by- 
the  vegetable,  and  alfo  by  the  volatile  alkali. 

§ vii.  Properties  of  depurated  Platina. 

By  the  method  now  defcribed,  I obtained  fe- 
veral  very  beautiful  pieces  of  regulus  : They 
uere,  it  is  true,  exceedingly  lrnall,  but  wonder- 
, M 3 fully 
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fully  malleable,  and  were  freed  from  iron  by 
repeated  fufion  with  microcofmic  fait,  more 
completely  than  by  any  other  method  hitherto 
known.  It  is  proper  to  obferve,  that  the  crude 
platina  was  feleded,  and  repeatedly  boiled  in 
marine  acid,  until  the  menftruum  could  not  ex- 
trad  any  more  iron.  By  this  procefs  0,05  were 
feparated,  the  remaining  part  of  the  iron  being 
doubtlefs  fo  enveloped  by  the  particles  of  pla- 
tina, that  the  boiling  acid  cannot  have  accefs  to 
them.  This  platina,  after  walhing,  was  diflol- 
ved  in  aqua  regia  freed  from  all  iron,  and  then 
precipitated  by  the  purefl  fal  ammoniac.  I 
fhall  therefore  defcribe  the  qualities  of  the  re- 
gulus  obtained  from  this  precipitate. 

(a)  Its  colour  is  that  of  the  purefl;  filver. 

(bJ  The  very  fmall  globules  are  wonderfully 
malleable  ; but,  when  many  of  thefe  are  collec- 
ted together,  they  can  fcarcely  be  fo  perfectly 
fufed  as  to  preferve  the  fame  degree  of  malleaT 
bility. 

(c)  A magnet,  though  of  great  power,  does 
not  ad  upon  them  in  the  leaft,  nor  is  the  mod 
delicate  magnetic  needle  affeded  by  them. 

(d)  They  cannot  be  diflolved  by  any  Ample 
menftruum,  except  the  dephlogifticated  marine 
acid. 

(e)  Aqua  regia,  compofed  of  the  acids  mix- 
ed, diflolves  them  ; is  yellow  at  firft,  and,  when 
more  faturated,  red  \ on  evaporation,  the  folu- 

tion 
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tion  yields  fhapelefs  cryftalline  grains,  though, 
I muft  confefs,  that,  in  the  place  of  thefe,  I have 
fometimes  obtained  nothing  more  than  a faline 
mafs. 

(f)  Their  habits  with  alkalis,  whether  difen- 
gaged  or  faturated  with  acids,  are  the  fame  as 
above  defcribed. 

(g)  The  phlogifticated  alkali,  well  faturated, 
and  freed  from  the  fmall  portion  of  Pruffian 
blue  which  it  diffolves,  occafions  no  precipita- 
tion ; but  the  colour  of  the  folution  is  rendered 
darker.  This  lixivium,  therefore,  dilfolves  pla- 
tina,  as  well  as  fome  other  metals.  Not  the 
fmalleft  veftige  of  Pruffian  blue  appears,  which 
yet  is  evidently  feen  upon  the  addition  of  a por- 
tion of  martial  vitriol,  amounting  to  only  0,001 
of  the  platina  contained  in  the  folution,  although 
0,001  of  martial  vitriol  contains  only  0,00023 

. y 

of  iron. 

§ viii.  Whether  Platina  be  a Metal  diftinEl  from 

all  others. 

, Although  many  of  the  moderns  give  platina  a 
place  among  the  metals,  yet  there  are  fome  na- 
turalifts  of  high  reputation,  who  confider  it  as 
nothing  more  than  a mixture  of  gold  and  iron. 
We  fhall  not  here  confider  the  arguments  on  both 
fides,but  reft  entirely  upon  the  conclufions  which 
follow  clearly  from  the  preceding  experiments, 

M 4 (a)  As 
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(a)  As  to  iron,  there  is  no  doubt  of  its  pre- 
fence in  platina,  as  is  evidently  {hewn  both  by 
the  magnet  and  the  phlogiflicated  lixivium  ; but, 
whoever  examines  the  metals  accurately,  will 
find  that  they  never  occur  in  a perfectly  pure 
ftate.  Gold  is  contaminated  more  or  lefs  with 
filver,  copper,  or  iron  ; filver  with  copper  and 
arfenic  ; copper  with  iron,  and  that  generally 
in  fuch  a quantity  as  to  be  difcernible,  but  fome- 
tiines  in  fuch  finall  portions  as  to  be  concealed  ; 
nickel  contains  cobalt  j and  fo  on.  Let  us  now 
fuppofe  that  native  platina  is  never  found  with- 
out iron  5 yet  it  does  not  follow  from  thence, 
that  iron  enters  into  it  as  one  of  its  conflituent 
principles. 

(b)  This  iron  may  be  artificially  feparated,  or 
at  leafl  fo  much  diminifhed,  as  not  to  be  in  the 
finallefl  degree  fenfible,  either  to  the  magnet  or 
the  phlogiflicated  lixivium,  (§vn.).  With  what 
appearance  of  probability,  then,  can  it  be  faid, 
that  in  depurated  platina,  (which,  in  1 00,000 
parts,  is  fuppofed  to  coiftain  99,977  of  gold), 
the  nature  and  diflinguifhing  properties  can  be 
fo  changeable,  as  that  a fmaller  quantity  than 
0,00023  of  iron  f§  vn.  g)  fhall  operate  fo  as  to 
conceal  the  properties  of  both  the  ingredients  ? 

(c)  I have  long  wilhed  to  get  a piece  of  pla- 
tina entirely  crude,  and  unchanged  by  art  j for 
not  only  is  iron  fuppofed  to  be  a principle  of 
this  metal,  but  it  is  afierted  to  be  magnetic.  It 
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is  known,  that  grains  of  platina  are  found  mix- 
ed with  gold  in  the  bowels  of  the  earth,  and 
that  the  gold  is  freed  from  them  in  iron  mills 
by  means  of  mercury.  May  not  the  magnetifm, 
therefore,  be  occafioned  by  the  iron  which  ad- 
heres during  this  operation,  as  we  know  that  iron 
receives  that  property  by  percuffion  and  other 
means  ? Befides,  a fuitable  fituation,  long  con- 
tinued, alfo  generates  that  quantity  j and  per- 
haps to  this  caufe  may  the  magnetifm  be  owing, 
if  it  actually  does  take  place  in  crude  platina  ; 
if  not,  it  mud  be  entirely  attributed  to  art. 

In  the  year  1774,  two  Spaniards  who  had  come 
to  Upfal  from  America,  prefented  me  with  two 
forts  of  platina,  one  of  which  had  been  wafhed 
with  mercury,  in  order  to  feparate  the  gold  ; the 
other  rude,  which  they  afferted  had  never  been 
expofed  to  amalgamation.  This  latter  was  to 
me  a very  acceptable  prefent ; but  my  pleafure 
foon  vanilhed  ; for  a few  ounces  of  it,  expofed 
to  fire  in  a glafs  cucurbit,  fent  forth  mercurial 
vapours,  which  formed  into  globules  on  the 
neck  of  the  veffel.  As  platina  is  mixed  with 
particles  of  gold,  there  is  very  little  probability 
that  it  ever  comes  to  Europe  pure.  It  may  happen 
alfo,  that  it  repeatedly  undergoes  that  operation  ; 
for  even  fuch  as  is  brought  to  Europe,  yields 
grains  of  gold.  When  once  deprived  of  the  gold, 
it  is  thrown  out ; and  this  it  mod  probably  is, 
y/hich,  after  a feries  of  years,  is  confidered  as  pure. 

D I S S E R- 


DISSERTATION  XIX. 


OF  THE 

WHITE  ORES  OF  IRON, 


§ i.  An  accurate  Knowledge  of  Ores  neceffary  to 
the  proper  Treatment  of  them . 

i 

OUR  omnipotent  Creator  has  provided  for 
the  ufe  of  man  an  inexhauftible  ftore  of 
natural  bodies,  which  are  to  be  found  in  the 
external  covering  of  the  globe.  Some  of  thefe 
we  have  accidently  learned  to  employ  to  our  ad- 
vantage, others  we  have  been  urged  by  neceffity 
to  feek  j and,  by  flow  degrees,  and  after  many 
trials,  we  have  difcovered  the  proper  treatment 
of  them  : But  the  greateft  number  we  (till  ne- 
glect as  ufelefs,  being  ignorant  of  their  value. 

It  is  obvious,  that  in  proportion  as  men  be- 
come more  perfectly  acquainted  with  the  vir- 
tues. 
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tyes,  qualities,  and  compofition  of  bodies,  the 
more  perfectly  and  eafily  will  they  be  able  to 
apply  them  to  their  advantage  and  convenience. 
Upon  that  particular,  therefore,  fhould  our  chief 
care  be  employed  ; for  a proper  acquaintance 
with  the  ftores  of  nature  will  certainly  be  fol- 
lowed by  the  application  of  them  to  ufe  : Never- 
thelefs,  fo  provident  has  nature  been  againft  hu- 
man ignorance  and  floth,  that  the  rudeft  labour 
is  not  without  fignal  advantage.  Thus,  in  the 
darker  ages,  we  find  the  richeft  minerals  ufed 
as  tributes,  a circumftance  which  naturally  fol- 
lowed the  difcovery  of  them  ; yet  they  were  not 
valued  in  proportion  to  their  goodnefs.  When, 
by  the  experience  of  ages,  the  various  qualities 
of  thefe  bodies  were  difcovered,  the  foundation 
of  metallurgy  began  to  be  laid  ; and,  in  propor- 
tion as  the  fuperior  Ikill  of  men  now  enables « 
them  to  obtain  more  metal  from  poorer  veins, 
nature  feems  to  have  diminifhed  the  former  fu- 
perabundance  of  thefe  produ&ions.  The  che- 
mical knowledge  of  the  prefent  times  would  be 
too  much  enriched,  if  the  former  abundance 
fubfifted  ; and,  on  the  other  hand,  the  rude  and 
unfkilful  attempts  of  the  firft  inventors  would 
be  entirely  ufelefs,  had  they  been  cramped  by 
the  fcarcity  which  is  now  found  to  take  place. 
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§ II.  Phyfical  Qualities  of  the  white  Ores  of  Iron. 

Thefe  ores  have  received  divers  denomina- 
tions, from  the  fmgular  heat  with  which  they 
are  accompanied.  In  Germany  they  are  called 
ftahlftein  or  ft  abler  iz,  (as  the  iron  got  from  them 
could  be  changed  into  excellent  fteelj,  as  alfo 
weffe,  eifenfpat , pflintz , and  other  names.  In 
France  they  are  called  mines  de  fer  fpatique , al- 
though it  mult  be  confeffed  that  they  are  not  al- 
ways fpathous  ; and  that,  moreover,  many  which 
are  of  a fpathous  texture,  and  loaded  with  iron, 
do  not  belong  to  this  clafs. 

(a)  The  texture  of  thefe  minerals  is  almoft 
the  fame  as  that  of  the  calcareous  ftone,  yet  it 
is  rarely  found  compad,  and  compofed  of  im- 
palpable particles  ; it  is  fometimes  ^fquamous, 
fometimes  granulated  with  fmall  diftind  parti- 
cles, fome  of  them  fhining,  but  in  general  it  is 
fpathous.  We  do  not  fpeak  of  them  here  in  their 
complete  and  perfed  ftate ; for  the  figure  of 
their  parts  is  more  or  lefs  deftroyed  by  fponta- 
neous  calcination  ; nay,  the  whole  inafs  is  at 
length  refolved  into  a powder  : Sometimes  it  is 
found  ftaladitic,  fiftulous,  and  ramous,  or  even 
cellular,  nay  fometimes  germinating  like  mofs. 

(b)  They  are  fometimes,  but  very  feldom,  fo 
hard  as  to  firike  fire  with  fteel  ; but  though 
(when  found  mixed  with  flint,  and  newly  dug 
up)  they  are  of  this  kind,  yet  they  foon  lofe  that 

property. 
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property.  In  other  refpeds,  when  perfed,  they 
generally  refemble  calcareous  (tone,  unlefs  when 
expofed  to  the  air  for  fome  time,  by  which  the 
union  of  their  parts  is  gradually  diminiihed. 

(c)  The  colour  is  white,  but  the  furface 
which  comes  in  contad  with  the  air  grows  gra- 
dually brown,  or  even  blackifh  ; yet  fo  long  as 
the  iron,  which  is  converted  into  an  ochre,  re- 
mains in  them,  they  have  a ferruginous  hue  ; 
but,  though  the  furface  is  thus  changed,  the  in- 
ternal parts  remain  the  fame,  and,  upon  filing 
or  breaking,  exhibit  the  natural  colour. 

This  change  is  effected  by  the  air,  not  upon 
the  iron,  as  is  commonly  believed,  but  upon  the 
white  calx  of  the  manganefe,  which  is  dephlo- 
gifticated  by  the  furrounding  atmofphere  ; a 
circumftance  which  it  is  fufficient  here  to  men- 
tion, as  it  will  be  more  accurately  explained 
hereafter,  (§  vii.  g). 

(d)  The  fpecific  gravity  of  the  ore,  when 
perfect,  varies  between  3,640  and  3,810,  and 
is  diminiihed  according  to  the  degree  of  calci- 
nation. That  ore,  whofe  particles  fcarcely  co- 
here, but  are  quite  feparated,  is  from  2,5  to  2,9  ; 
but  that  which  is  not  perfectly  corroded,  from 
3:3  to  3>6- 

(e)  The  ore,  whether  perfed  or  calcined,  is 
rarely  attraded  by  the  magnet,  though  the  mar- 
tial part  fometimes  amounts  to  nearly  half  the 
weight. 

§ nr. 
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§ ill.  Situation  of  thefe  Ores  in  Mountains. 

The  white  ores  of  iron  are  found,  but  very 
fparingly,  in  Sweden.  Suartberger,  (i.  e.  Black 
Mountain),  near  Schifshytta,  in  Dalekarlia,  has 
its  name  from  its  furface,  which  is  grown  black 
by  calcination.  This  mountain  is  high,  and 
naked  upon  the  fummit,  which  is  crofl'ed  by  a 
broad  calcareous  vein,  with  Alining  particles  of 
fpar,  and  a white  ore  of  iron,  together  with  ga- 
lena, pfeudo  galena,  and  black  ore  of  iron,  py- 
rites, fchoerl,  and  garnet  intermixed.  In  the 
old  mines  at  Hsellefors,  or  the  eaftern  mines, 
the  rock  itfelf  appears  to  confift  of  a white  ore 
of  iron.  It  is  fometimes  found  alfo  in  other 
mountains,  but  generally  either  in  fmall  quan- 
tity, or  very  poor  in  metal. 

Germany  is  rich  in  thefe  ores : Many  moun- 
tains about  Smalkald  contain  them.  In  that 
which  is  called  Stahlberger,  a broad  vein,  al- 
raoft  horizontal,  occurs  from  twenty-five  to  thir- 
ty fathom  thick.  This  confifts  of  an  irregular 
fpar,  in  which  are  difperfed  quartz,  and  pieces 
of  the  ore,  which  are  found  of  a better  quality, 
in  proportion  as  they  are  more  deeply  feated. 
The  pendent  fide,  which  is  uppermoft,  is  com- 
pofed  of  a fandy  ftone  from  nine  to  twenty  fa- 
thom high ; but  the  lower,  which  is  the  foun- 
dation, is  margaceous,  and  is  found  more  indu- 
rated towards  the  lower  parts,  and  at  the  very 

lotveft 
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lowed  is  extruded  by  a blue  mica  j the  Tides 
fcarcely  cohere  to  the  vein. 

In  Nauflavia,  the  whole  mountain  Teems  to 
confid  of  a yellowifli  ore  of  iron,  certain  veins 
of  which  are  accompanied  with  copper,  others 
with  haematites. 

In  Upper  Stiria,  at  Eifenarg,  is  Tituated  Arz- 
berg,  in  circuit  6,000  fathoms,  in  diameter  900, 
and  in  height  450.  It  is  defcribed  by  fome  as 
irregularly  accumulated  and  concreted,  and  as 
confiding  of  mafles  of  quartz,  charged  with  ar- 
gillaceous earth  and  white  ore  of  iron ; but 
others  contend,  that  the  ore  is  there  found  not 
only  in  heaps,  but  alfo  in  various  veins. 

France  and  Spain  produce  great  quantities  of 
thefe  ores. 

The  examples  above  cited  feem  to  indicate, 
that  the  white  ores  of  iron  are  found  fometimes 
in  heaps,  but  that  they  alfo  form  fometimes 
veins,  fometimes  drata,  and  fometimes  whole 
mountains.  I have  never  found  that  they  con- 
tained any  organized  bodies,  a mark  by  which 
the  mod  ancient  productions  of  the  earth  have 
been  didinguiflied. 

§ iv.  Properties  of  thefe  Ores  examined  by  the 

Blow-pipe. 

Experiments  with  this  inftrument,  although 
made  upon  fmall  pieces,  yet,  in  general,  ihew 

the 
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the  nature  of  the  fubftance  examined  with  cori- 
fiderable  certainty,  and  point  out  the  method  of 
treatment  proper  for  larger  quantities  : There- 
fore it  is,  that  I am  of  opinion  we  fhould  begin 
our  experiments  in  that  way. 

(a)  The  white  ore  of  iron,  expofed  to  the 
flame,  at  firfl  i*  apt  to  decrepitate,  and  that  the 
more  violently,  as  it  is  of  a more  cryftalline 
texture  ; fo  that  that  which  is  of  a denfe  tex- 
ture, and  whofe  particles  are  fcarcely  difcern- 
ible,  decrepitates  little  or  none.  A certain  de- 
gree of  fpontaneous  calcination  alfo  overpowers 
this  decrepitating  quality. 

Another,  and  a more  remarkable  effeft  of  the 
fire,  is  a fudden  change  of  colour  : The  white- 
nefs  foon  changes  to  a brown,  which  quickly 
gives  place  to  a blacknefs,  which  cannot  be  dif- 
charged  even  by  violent  and  long-continued 
heat. 

A piece  of  the  ore,  when  blackened  by  the 
fire,  is  always  attra&ed  by  the  magnet,  although, 
as  is  frequently  the  cafe,  it  had  not  been  obe- 
dient to  it  before. 

But  the  ore  alone  is  not  fufed  without  great 
difficulty,  though  the  fire  be  violent  and  long 
continued.  Upon  fufion  it  again  eludes  the 
force  of  the  magnet. 

(b)  A fmall  portion,  added  to  a globule  of 
microcofmic  fait  in  fufion,  is  diffolved  with  more 
or  lefs  effervescence,  and  imparts  an  iron  colour, 

that 
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that  is,  a greenifh  or  a yellowifh  brown,  which, 
upon  cooling,  grows  weak,  and  at  length  en- 
tirely vanifhes. 

When  the  globule,  after  cooling,  is  again  fof- 
tened,  not  by  the  interior  and  blue  cone  of 
flame,  but  by  the  exterior  and  lefs  defined  part, 
a red  colour  is  generated,  which  alfo  vanifhes 
upon  cooling.  This  is  made  more  diftindt  by 
the  addition  of  a fmall  piece  of  nitre,  but,  upon 
cooling,  is  weakened.  Fufion  by  the  blue  cone, 
continued  for  fome  time,  extinguifhes  the  red- 
nefs,  lo  that  the  iron  tinge  appears.  In  thH 
way  the  red  colour  may  be  many  times  alter- 
nately difcharged  and  renewed. 

When  the  globule  is  fuperfaturated  with  the 
fait,  upon  cooling  it  grows  opake,  white  or 
black,  according  to  the  different  quantities  of 
the  calx  and  the  iron  ; and,  in  the  latter  cafe, 
it  fometimes  poffefles  a metallic  fplendour.  v 

A variety  in  the  proportion  of  the  rry-  * 
occafions  great  changes  in  the  ‘ phenomena* i 
Thus  the  original  effervefcence  is  both  more 
vifible  and  more  durable  when  the  calx  abounds. 
When  the  iron  is  deficient,  its  colour  can  fome- 
times fo&rcely  be  difcerned  ; and,  when  the 
quantity  of  manganefe  is  very  fmall,  and  that  of 
iron  large,  the  rednefs  fcarcely  appears  without 
the  addition  of  the  nitre, 

(c)  I he  white  ore  of  iron  is  diffolved  in  the 
lame  manner  by  borax,  viz.  the  effervefcence  is 

Vol.  II.  n 
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more  or  lefs  confpicuous,  according  to  the  quan- 
tity of  calx. 

The  vitreous  globule  frequently  acquires  an  ob- 
fcure  reddifh  yellow  colour,  which  yet,  upon  the 
continued  application  of  the  blue  cone,  is  total- 
ly deflroyed,  the  martial  tinge  remaining  : But 
by  nitre,  or  by  foftening  alone,  which  is  effected 
by  the  exterior  cone,  the  hyacinthine  colour 
above  mentioned  again  appears.  Thefe  changes 
may  be  produced  at  pleafure. 

By  fuperfaturation  the  globule  becomes  o- 

pake,  black  or  white. 

(d)  The  mineral  alkali,  fufed  in  a filver 
fpoon,  takes  up  the  ore  with  an  effervefcence 
more  or  lefs  remarkable,  yet  divides  it  but  lit- 
tle ; nor  is  the  milky  globule  rendered  brown* 
unlefs  by  a larger  addition,  and  a longer  conti- 
nued fire,  and  then  it  grows  black. 

(e)  Thefe  experiments  fhew  that  the  ore  con- 
taihs  lime  fomewhat  filiceous,  iron,  and  man- 
ganefe  ; and,  although  thefe  ores  may  appear  to 
many  of  little  confequence,  yet  they  have  dii- 
covered  to  me  a new  metal,  which  by  other 
means  could  not  be  difcovered.  The  proper- 
ties of  manganefe,  hereafter  explained  (§  vn.), 
will  illuftrate  this  alfertion  more  fully. 
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§ v.  Properties  of  thefe  Ores  examined  by  the  Via 

Sicca. 

(a)  1 00  parts  finely  powdered,  and  expofed 
upon  a tile  to  the  fire,  grow  quickly  black,  and 
become  obedient  to  the  magnet.  In  this  expe- 
riment fometimes  red  fpots  appear  here  and 
there,  occafioned  by  the  admixture  of  pyrites. 
An  heat  of  two  or  three  hours  occafions  a lofs 
of  weight  different  according  to  the  variety  of 
the  ore  ; the  lofs  is  at  the  leall  15,  and  at  the 
molt  40  alfay  pounds.  By  a longer  continu- 
ance of  the  heat,  the  lofs  is  not  increafed,  nor 
does  the  black  colour  difappear,  nor  are  any 
figns  of  fufion  to  be  obferved. 

On  calcination,  no  fmell  is  perceptible,  urilefs 
there  be  an  admixture  of  fome  pyritous  parti- 
cles. 

When  the  pieces  are  fufficiently  roafted,  and, 
after  cooling,  put  into  water,  they  often  gene- 
rate heat,  and  form  a fort  of  lime-water. 

(b)  In  order  to  learn  the  nature  of  the  fub- 
fiance  expelled  by  fire,  too  of  the  pulverized 
ore  was  put  into  a fmall  retort,  to  which  was 
adapted  a receiver,  which,  by  a lateral  tube* 
conducted  the  elaftic  fluid  into  a glafs  velfel  fuH 
of  water,  and  inverted  ; the  fire  was  then  gra- 
dually increafed,  until  the  bottom  of  the  retort 
began  to  grow  foft : In  the  mean  time,  a fmall 
quantity  of  liquor  Xvas  found  in  the  retort,  but 
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in  the  inverted  glafs  a large  quantity  of  elaftic 
fluid. 

The  liquor  in  the  receiver  was  found  of  an 
aqueous  nature,  but,  for  the  moll  part,  fo  fmall 
in  bulk,  as  fcarcely  to  be  collected,  feldom  fo 
much  as  0,1,  and  never  exceeding  0,2.  The 
ore,  when  perfect  and/Cryftallized,  ufually  yields 
a little  more  water  than  when  broken  down  by 
fpontaneohs  calcination,  or  when  naturally  den- 
fer. 

The  elaflic  fluid,  when  confined  by  mercury, 
fometimes  occupied  30  cubic  inches,  but  was 
generally  lefs.  On  examining  this,  it  was  found 
to  be  moftly  abforbed  by  water,  and  to  commu- 
nicate to  it  a pungent  acidulous  tafte,  together 
with  the  property  of  making  the  tmfture  of 
tuinfple  red.  It  precipitated  lime-water,  extin- 
guished flame,  and  deflroyed  animal  life.  Thefe 
properties  Shew  it  to  be  the  aerial  acid.  The 
portion  which  remains  and  refules  to  unite  with 
water,  is  common  air,  which  doubtlefs  was  at 
firffc  contained  in  the  retort.  When  the  aerial 
acid  is  feparated  by  water,  a fpecies  of  deflagra- 
tion takes  place  ; yet  it  Should  be  obferved,  that 
inflammable  air  is  almoft  always  abfent. 

The  black  refiduum  in  the  retort,  though  it 
be  not  . ignited,  is  fometimes  attracted  by  the 
magnet. 

O 

(c)  This  ore,  pulverized  and  llrewn  upon 
hot  coals,  exhibits  a kind  of  phofphoric  appear- 

- * ance, 
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ance,  which  is  light  and  momentary  ; but,  when 
expofed  to  fire  alone  in  a clofe  crucible,  it  quick- 
ly liquefies,  and  perforates  the  bottom.  This 
effed  is  occasioned  by  the  calcareous  earth  ill 
the  ore  diflfolving  the  Siliceous  and  argillaceous 
earth  of  the  veftel.  Thefe  three,  when  mixed, 
eafilv  flow  ; and  befides,  the  calxes,  both  of 
iron  and  mangancfe,  which  are  here  prefen 
promote  the  vitrification  very  much. 

'(d)  The  powder,  let  fall  into  nitre,  fufe’d  and 
ignited,  fhews  no  difiind:  detonation,  but  a 
crackling  is  heard. 

(e)  1 have  attempted  the  redudion  of  thefe 
ores  by  many  different  ways,  but  it  is  only  ne- 
ceffary  to  mention  thofe  which  are  particularly 
ufeful  in  the  extradion  of  iron. 

The  firfl,  molt  Simple,  and,  in  many  cafes, 
the  beft,  is  this : The  bottom  of  a crucible  is 
covered,  to  the  thicknefs  of  about  half  an  inch, 
with  powdered  charcoal.  This  powder  is  moi- 
ftened  with  water,  mixed  with  a fmall  portion 
of  argillaceous  earth,  fo  that,  upon  compreffion, 
the  particles  may  the  better  adhere  together, 
and  to  the  crucible.  The  Sides  are  lined  in  the 
fame  way,  but  thinly.  The  Superficies  of  the 
ftratum  ought  to  be  rather  concave,  fo  as  to  re- 
ceive in  the  lower  part  100  of  pulverized  ore, 
covered  with  calcined  borax  5 for  that  which 
ftill  retains  the  water  of  cryftallization  upon' 
boiling,  difperfes  many  particles  of  the  ore. 

N 3 Finally, 
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Finally,  another  crucible  is  to  be  inverted,  and 
luted  on,  and  the  whole  expofed  to  a proper  fire. 

The  fecond  method  is  this : too  of  the  ore, 
mixed  with  an  equal  weight  of  mineral  fluor, 
and  half  of  apyrous  clay,  is  put  into  a crucible, 
prepared  after  the  manner  above  defcribed,  and 
treated  in  the  fame  way,  but  without  the  addi- 
tion of  borax. 

The  third  is  directed  by  D.  Scheffer : To  i 
part  of  ore  are  added  i of  tartar,  i of  charcoal- 
duff,  i of  glafs,  i of  white,  and  2 of  black  flux  ; 
the  mixture  is  put  into  a crucible  prepared  with- 
out lining,  and  fhut  as  before. 

The  fourth,  which  has  been  long  in  ufe,  is 
defcribed  by  Snack,  and  is  preferred  to  all  others 
by  D.  A.  Swab,  although  it  is  very  complex : 
To  100  of  the  ore  are  added  an  equal  weight, 
or  100,  of  fal  ammoniac,  100  of  tartar,  100  of 
glafs  gall,  50  of  borax,  50  of  charcoal-duff,  and 
of  black  flux  200  ; the  mixture,  put  into  an  un- 
prepared crucible,  is  covered  with  common  fait, 
and,  being  covered,  expofed  to  the  fire. 

In  order  to  compare  thefe  different  methods, 
with  refpe£t  to  the  white  ore  of  iron,  I treated 
different  portions  of  it  according  to  all  the  dif- 
ferent methods,  and  that  without  previous  cal- 
cination, which  in  this  inffance  is  of  no  effect. 
That  which  I tried  was  a fpathous  fruftum,  not 
yet  injured  by  calcination,  brought  from  Eife- 
nartz,  in  Upper  Stiria. 


Of 
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Of  this  100,  according  to  the  firft  me- 
thod, yielded  of  a regulus  nearly  of  the  lb* 
fplendour  of  filver  - - - * 42 

According  to  the  fecond,  of  a regulus  of 
an  afh  colour  - 39 

By  the  third,  a regulus  of  an  afh  colour, 

but  nearly  cryftallized  on  the  furface  1 9I- 

By  the  fourth,  of  a regulus  altnofl  white 
and  fplendid  - 3b 

I found  nearly  the  fame  progreffion  to  hold 
with  the  ore  of  Naffau,  and,  with  the  other  ores, 
examined  in  the  fame  way.  In  general,  the 
weight  of  the  regulus  never  attains  to  50,  but 
is  often  30,  20,  10,  nay  even  fometimes  no 
more  than  2,  though  the  ore  has  been  made 
black  by  roafling,  and  is  attra&ed  by  the  mag- 
net ; but  hereafter  it  will  be  demonflrated,  that 
the  blacknefs  by  fire  is  not  occafioned  by  the 
iron,  but  by  manganefe.  The  pureft  calcare- 
ous (tones  are  feldom  entirely  without  iron. 
The  cleared  Iceland  fpar  grows  red  by  long 
calcination,  and,  even  by  the  humid  way,  yields 
its  metal  to  phlogiflicated  alkali. 

The  ores  which  are  fo  poor  as  not  to  yield  a 
regulus  without  difficulty,  are  ufually  brought 
to  that  ftate  by  a fmall  quantity  of  white  arfe- 
nic,  or  rather  of  litharge  ; for,  by  this  method, 
the  fcoria  is  made  thinner,  and  the  fmall  glo- 
bules permitted  to  fubfide  and  colleft. 

N 4 § vi. 
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§ vi.  Properties  of  ihefe  Ores  examined  by  the 
humid  way. 

(a)  The  white  ores  of  iron  effervefee  indeed 
with  acids,  but,  in  general,  more  weakly  than 
the  calcareous  Hones  ; and  fometirnes  no  mo- 
tion is  obferved,  unlefs  pulverization  and  heat 
be  both  employed.  That  calcareous  earth  is 
prefent,  will  appear  from  what  follows : But  the 
reafon  why  it  only  effervefees  flowly,  is  to  be 
fought  partly  in  its  proportion,  and  partly  in  its 
intimate  connection,  with  the  other  principles. 

(b)  All  thole  acids  which  are  ufually  called 
mineral,  diffolve  this  ore,  if  it  be  well  pulveri- 
zed, and  a due  degree  of  heat  applied.  The  fo- 
lution  made  by  vitriolic  or  marine  acid  is  gene- 
rally of  a yellow  green  ; that  by  the  nitrous  of 
a red  or  yellow  brown  : The  marine  acid  dif- 
folves  it  fooner  than  the  reft.  Thefe  colours 
vary  a little,  in  proportion  to  the  quantity  of 
metallic  parts.  Sometimes  a brown  rednefs  at 
firft  appears,  which  then  van i flies,  but  fometirnes 
perfifts,  unlefs  fugar,  or  fome  fubftance  rich  in 
phlogifton,  be  added. 

Ahnoft  always  fomewhat  remains  undiffolved, 
which  yet,  upon  examination,  appears  to  be  of 
a different  nature.  I have  frequently  feen  grains 
of  fchoerl,  zeolith,  quartz,  mica,  nay  fibres  of 
albedos  intermixed : But  thefe  are  foreign  mat- 
ters, which,  although  they  fometirnes  form  above 
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0,2  of  the  mafs,  yet  are  not  a neceffary  compo- 
nent part  of  the  ore. 

The  folution  made  by  vitriolic  acid,  upon, 
evaporation  yields  green  martial  cryftals  ; and 
that  made  in  marine  acid,  without  heat,  fome- 
times  by  fpontaneous  evaporation  concretes  in- 
to fpathaceous  forms,  compofed  of  hollow  pyra- 
mids. 

(c)  During  the  folution  an  elaftic  vapour 
efcapes,  which,  when  extricated  by  vitriolic  or 
marine  acid,  is  not  inflammable,  even  although 
the  crude  ore  be  attra&ed  by  the  magnet. 

The  quantity  of  water  is  eafily  difcovered  by 
performing  the  operation  in  a large  bottle, 
clofed  fo  asr  to  give  exit  to  the  elaftic  fluid,  but 
not  to  the  moifture  ; for  the  diminution  of 
weight,  in  this  cafe,  indicates  only  the  volatile 
aerial  fluid  ; whereas  the  lofs  fuftered  during 
calcination,  (hews  the  weight  both  of  the  elaftic 
fluid  and  of  the  water. 

(d)  As  the  various  qualities  above  mentioned 
indicate  the  prefence  of  lime,  I attempted  to  fe- 
parate  it  in  the  following  way  : Let  a portion  of 
the  pulverized  and  calcined  ore  weighed,  be 
put  into  diluted  nitrous  acid,  and  let  the  mix- 
ture be  fhaken  for  a quarter  of  an  hour  ; after 
which,  let  the  powder  be  collected  on  a filter, 
and  the  clear  liquor  precipitated  with  aerated 
fixed  alkali : By  this  method  a white  fediment 
was  obtained,  which,  upon  examination,  fhewed 

all 
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all  the  properties  of  lime.  I employed  the  cal- 
cined mineral,  and  the  nitrous  acid,  left  any 
thing  metallic  fhould  be  taken  up  during  the 
Ihort  agitation,  otherwife  the  end  might  be  an- 
fwered  by  the  marine  acid  ; but  then  it  is  ne- 
ceffary,  in  evaporating  the  folution  to  drynefs, 
to  expofe  it  to  a more  intenfe  heat,  that  the  dif- 
folved  metal  may  be  fpoiled  of  its  menftruum  ; 
for  the  lime  retains  the  menftruum  more  obfti- 
nately : Hence,  after  this  operation,  the  falited 
lime  may  be  elixated  from  the  refiduum  by  wa- 
ter, and  precipitated  by  an  alkali. 

The  weight  of  lime  varies  much  ; in  fome 
ores  I found  a few  hundredths ; in  the  fpatha- 
ceous  kind,  about  0,1  confifts  of  lime  ; in  o- 
thers  0,5  ; but  it  is  never  entirely  wanting. 

(e)  Into  a folution  of  the  ore  made  with  the 
pureft  marine  acid,  I poured  a few  drops  of  fo- 
lution of  terra  ponderofa  in  the  fame  menftruum ; 
but  the  tranfparency  was  not  in  the  leaft  dif- 
turbed;  from  whence  I conclude,  that  there  is  no 
vitriolic  acid  prefent. 

(f)  The  fame  is  true  of  the  marine  acid  ; for 
I examined  the  fmall  portion  of  water  expelled 
folely  by  heat,  in  the  diftillation,  (§  v.  b),  and 
could  not,  even  by  paper  tinged  with  turnfole, 
difcover  any  traces  of  an  acid.  I alfo  poured 
concentrated  vitriolic  acid  upon  the  powdered 
ore  in  a retort,  and  into  the  receiver  a fmall 
quantity  of  diftilled  water,  as  water  very  greed- 

By 
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ily  attracts  the  marine  acid  in  a Rate  of  vapour  ; 
but  neither  by  the  fmell,  by  any  vifible  vapour, 
nor  by  precipitants,  could  I difcover  the  fmall- 
eft  figns  of  a mineral  acid,  unlefs  the  heat  was 
increafed  to  fuch  a degree  as  to  force  over  forne 
of  the  vitriolic  acid.  The  water  in  the  receiver 
was  not  at  all  difturbed  by  folution  of  filver,  al- 
though, upon  touching  it  with  the  end  of  a glafs 
rod  wet  with  marine  acid,  the  filver  was  imme- 
diately precipitated,  and  a white  fediment  fepa- 
rated. 

I conclude,  therefore,  with  reafon,  that  the 
vitriolic  and  marine  acids,  if  they  fometimes 
happen  to  be  prefent,  do  not  belong  to  the  pro- 
per compofition  of  the  ore ; and,  in  fafr,  how 
could  the  aerial  acid  exift  together  with  thefe, 
being  eafily  expelled  by  either  of  them  ? and 
how  could  the  marine  acid,  which  with  lime 
and  iron  forms  deliquefcent  falts,  in  this  cafe 
form  with  them  an  ore  which  not  only  remains 
dry  in  the  open  air,  but  even  undergoes  fpon-< 
taneous  calcination  ? 

§ vii.  Principal  Properties  of  Manganefe, 

I have  hitherto  frequently  named  manganefe, 
and  mentioned  feveral  circumftances  which  can- 
not be  properly  underftood  without  previoufly 
confidering  its  nature.  It  is  necelfary,  there- 
fore, before  we  proceed  further,  to  defcribe  the 

principal 
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principal  properties  of  this  fubftance,  fo  far  as- 
they  have  hitherto  been  difcovered. 

(a)  The  mineral  fubftance.  which  is  called 
black,  or  glafs-makers  magnefia,  is  fcarcely  any 
thing  more  than  the  calx  of  a new  metal. 

It  is  many  years  ftnce  I began  to  fufpedt  that 
fome  metal,  different  from  all  thofe  formerly' 
known,  lay  concealed  in  magnefium,  being 
partly  led  to  this  opinion  by  the  fpecific  gravity, 
partly  by  its  property  of  tinging  glafs,  and  part- 
ly by  its  feparating  from  menftrua  on  the  addi- 
tion of  phlogifticated  alkali,  a circumftance 
which  takes  place  with  all  the  metals,  but  not 
with  any  earth.  In  the  mean  time,  I attempted, 
the  reduction  of  it  in  various  wrays,  but  in  vain  ; 
for  either  the  whole  inafs  ran  into  fcoriae,  or  I 
obtained  only  difcrete  fpherical  atoms,  fo  much 
loaded  with  iron  as  to  be  magnetic.  On  ac-* 
count  . of  its  being  fo  difficult  of  fufion,  I at  firft 
imagined  it  had  fome  affinity  with  platina.  At 
length  Mr  Gahn,  without  knowing  any  thing 
of  my  experiments,  fucceeded  in  obtaining  lar- 
ger pieces  of  regulus,  by  means  of  a moft  in- 
tenfe  heat ; and  Mr  Scheele,  in  1774,  publilhed 
feveral  curious  fa&s  relating  to  manganefe.  The 
principal  things  refulting  from  the  experiments 
of  thefe  gentlemen,  and  from  my  own,  fhali  be 
the  fubjedt  of  the  following  pages. 

(b)  The  reduction  is  effected  in  the  follow- 
ing way  : A certain  quantity  of  manganefe, 
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formed  with  oil  or  water  into  a ball,  is  put  into 
a crucible  prepared  with  charcoal-duft,  as  be- 
fore defcribed,  (§  v.  e),  the  empty  fpace  is  then 
filled  up  with  charcoal-duft  ; another  crucible 
is  inverted  by  way  of  cover,  and  luted,  and  the 
whole  apparatus  expofed  to  the  moft  intenfe 
heat  which  the  laboratory  can  produce,  for  an 
hour,  or  more,  if  neceflary.  The  veflels  being 
cooled  and  emptied,  a regulus  is  formed,  fome- 
times  confifting  of  many  pieces,  which,  collected, 
in  foine  cafes  amount  to  0,3  of  the  manganefe. 

If  the  fire  be  weaker  than  neceflary,  either  no 
reduction  takes  place,  or  the  metallic  particles 
are  difcrete,  not  being  fo  fufed  as  to  run  pro- 
perly together.  If,  during  the  operation,  the 
crucible  falls,  fo  that  the  metal  fhall  touch  the 
naked  fide  of  the  veflel,  vitrification  is  inevitable. 

(c)  The  metal  obtained,  which  I call  manga- 
nefe, is  about  the  fpecific  gravity  6,850. 

The  furface  is  generally  brown,  and  the  lar- 
ger pieces  of  regulus  are  fcarce  ever  found  glo- 
bular, but  knotty  and  irregular,  which,  no 
doubt,  is  owing  to  the  difficulty  of  fufion,  in 
which  it  feems  to  exceed  even  forged  iron. 

Being  harder  than  iron,  it  breaks  under  the 
hammer  : The  fracture  .is  irregular  and  rough, 
with  a fort  of  whitifh  metallic  fplendour,  which 
foon  fpontaneoufly  grows  brown.  Even  the 
fmaller  pieces  are  not  magnetic  ; but  the  pow- 
der is  generally  obedient  to  the  magnet,  though 

the 
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the  admixture  of  iron  be  avoided  with  all  pof- 
fible  care. 

Some  fmall  pieces,  expofed  to  the  fire  in  an 
Heffian  crucible,  in  a blaft-furnace,  and  kept 
there  for  twenty  minutes,  yielded  a yellowilh 
brown  glafs,  and  a fmall  globule  of  iron.  Here 
a remarkable  difference  between  the  two  metals 
is  obferved,  the  manganefe  vitrifies,  the  iron 
perfifls,  and  is  formed  into  a regulus. 

The  regulus,  when  well  fufed,  generally  per- 
fifts  in  a dry  place,  but  fometimes  undergoes 
fpontaneous  calcination,  and  falls  into  a brown- 
ifh  black  powder,  which  is  found  fomewhat 
heavier  than  the  perfect  metal ; yet,  when  frefh, 
contains  fo  much  phlogifton  as  to  produce  in- 
flammable air,  on  folution  in  vitriolic  acid.  This 
phlogifton  it  lofes  by  time.  The  caufe  of  this 
fpontaneous  refolution  is  not  yet  fufficiently  ex- 
plained ; but  it  appears  very  probable,  that,  on 
account  of  the  weaknefs  of  the  fire,  the  parti- 
cles fometimes  coalefce  fo  imperfe&ly,  that, 
when  the  dephlogiftication  again  begins,  they 
eafily  lofe  their  mutual  conne£i<3n.  Moifture, 
but  particularly  the  accefs  of  aerial  acid,  aflifts 
this  operation.  A fmall  piece,  put  into  a dry 
bottle,  well  corked,  remained  perfett  for  the 
fpace  of  fix  months,  but  afterwards,  expofed  to 
the  open  air  of  a chamber  for  two  days,  con- 
tratted  a brownnefs  on  its  furface,  together  with 
fo  much  friability  as  to  crumble  between  the 
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fingers.  The  internal  parts,  however,  retained 
an  obfcure  metallic  fplendour,  which  difappear- 
ed  in  a few  hours.  A piece  more  fully  impreg- 
nated with  iron  refills  the  adtion  of  the  air  bet- 
ter. 

(d)  It  melts  readily  with  other  metals,  pure 
mercury  excepted.  Copper,  united  with  a cer- 
tain quantity  of  it,  is  extremely  malleable  ; but, 
upon  the  furface  of  this  mixture,  when  polifhed, 
fcarce  any  traces  of  the  red  colour  are  to  be 
feen.  This  mixture  fometimes,  by  age,  pro- 
duces a green  efflorefcence.  Tin  very  eafily 
unites  with  manganefe  5 but  zinc  not  without 
much  difficulty,  perhaps  on  account  of  its  vola- 
tile and  inflammable  nature.  White  arfenic  ad- 
heres to  it,  and,  by  means  of  phlogifton,  reduces 
it  to  a metallic  form. 

(e)  Manganefe,  calcined  by  fire,  yields  a 
blackifh  calx  ; but,  if  the  ignition  be  continued 
for  twelve  days,  it  acquires  a dark  green  colour  : 
Sometimes  alfo  it  produces  a white  or  a red 
calx,  both  of  which  we  ffiall  treat  feparately  (g). 
The  black  calx  retains  a very  fmall  portion  of 
phlogifton,  but  the  white  abounds  with  it  fo 
much  that  it  is  foluble  in  acids. 

All  thefe  varieties,  in  a common  crucible,  by 
means  of  a fufficient  degree  of  fire,  run  into  a 
yellowiffi  red  glafs,  which  is  pellucid,  unlefs  too 
great  a degree  of  thicknefs  renders  it  impervi- 
ous to  the  rays  of  light. 
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The  black  calx  of  manganefe,  by  a peculiar 
energy,  when  mixed  with  other  fubftances,  at- 
tracts phlogifton,  and  exhibits  feveral  remark- 
able phasnomena  both  by  fire  and  folution  j the 
chief  of  which  we  (hall  confider,  beginning  with 
thofe  which  occur  in  fufion. 

(f)  In  order  to  difcover  the  genuine  habits 
of  this  fubftance,  we  mufl  employ  the  blow- 
pipe ; for,  by  means  of  this  inftrument,  we  can 
diftinctly  fee  all  the  fucceflive  changes  occafion- 
ed  by  fire,  from  the  beginning  to  the  end. 

Let  a globule  of  microcofmic  fait  be  fufed 
upon  the  charcoal,  and  to  it  be  added  a fmall 
portion  of  the  black  calx  : Let  this  mixture  be 
fufed,  by  means  of  the  interior  blue  flame,  for 
a few  minutes,  and  it  will  yield  a bluifh  red  pel- 
lucid glafs  ; but,  if  the  quantity  of  calx  be 
greater,  it  is  of  a rich  red.  Let  it  be  again 
fufed,  but  for  a longer  time,  and  we  fliall  find 
the  tinge  totally  deitroyed.  Let  the  globule, 
which  is  now  colourlefs,  be  foftened  by  the  ex- 
terior flame,  and  the  colour  quickly  returns, 
and  may  be  again  difcharged  by  continued  fu- 
fion. The  fmallefi:  particle  of  nitre,  too,  added 
to  the  glafs,  inftantly  reftores  the  red  colour  ; 
whereas  fulphur,  and  the  falts  containing  vitri- 
olic acid,  contribute  to  difcharge  it ; as  alfo  do 
the  metallic  calxes,  although -thefe,  in  proper, 
quantity,  communicate  each  its  own  particular 
colour. 
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The  glafs  globule,  after  being  deprived  of  all 
colour,  if  fufed  in  a filver  fpoon,  recovers  its 
rednefs,  which  it  retains  notwithflanding  a long 
continued  fufion.  Inflammable  additaments  in- 
deed extinguish  the  colour,  but  this  is  eafily  re- 
ftored  by  fufion ; nor  can  it  again  be  discharged 
without  a new  addition. 

Thefe  changes  are  agreeable  to  the  eye,  and 
of  themfelves  very  remarkable.  Upon  consi- 
dering the  whole,  it  will  readily  appear,  that  the 
caufe  of  them  is  to  be  fought  in  the  different 
quantities  of  phlogifton.  Let  us  firfl  examine 
the  mofl  Simple  cafe.  The  globule  of  micro- 
coimic  fait  fufed,  confifls  of  the  phofphoric  acid 
only,  partly  Saturated  with  mineral  alkali.  The 
difengaged  part  muff  therefore  neceffarily  attraft 
phlogiflon  from  the  ignited  charcoal,  which  is 
again  taken  from  it  by  the  calx  of  the  marsga- 
nefe.  Now  this  calx,  by  a certain  degree  of 
phlogiflon,  is  reduced  to  fuch  a Rate,  that  it  p-^. 
hibits  no  tinge,  almofl  in  the  fame  map'iier  as 
the  feven  primitive  colours  when  colle^te(j  for,  ’ 
the  light  of  day,  at  once  white  a- j tranf„ar;nt_ 
Now,  whatever  dephlogifti'ates  the  ,af  de_ 

paved  of  this  tinge,  rdtares  the  rednefs ; and 
flame'S  ^ the  nitre  and  the  exterior 

Tbefc  changes  cannot  take  place  in  the  fflver 
fpoon,  becaufe,  in  this  cafe,  the  fupport  dloes  not 
fupply  any  phlogifton ; and  therefore  the  colour- 
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lefs  globule  fufed  upon  it,  is  quickly  deprived 
of  the  quantity  of  phlogifton  it  had  before  im- 
bibed by  the  furrounding  air  ; a lofs  which,  in 
this  inftance,  cannot  be  repaired,  and  therefore 
the  globule  continues  red. 

The  additaments  capable  of  deftroying  the 
colour  are  fuch  as  naturally  contain  phlogifton, 
fuch  as  fulphur  and  white  arfenic  ; or,  at  leaft, 
fuch  as  eafily  take  it  up  from  the  coal,  fuch  as 
gypfum  and  the  other  falts  containing  vitriolic 
acid,  which  thus  readily  run  into  fulphur.  The 
metallic  calxes,  too,  are  of  fuch  a nature,  that 
they  take  phlogifton  from  burning  charcoal, 
which  they  are  immediately  obliged  to  give  up 
to  the  calx  by  means  of  its  fuperior  attra&ion. 

The  phaenomena  above  defcribed  and  explain- 
ed alfo  take  place  with  borax, ^ but  with  fome 
difference.  The  colour  with  microcofmic  fait  is 
a bluifh  red  ; that  with  an  equal  quantity  of 
borax,  a yellowifh  red  ; but,  in  both  cafes,  by 
faturation,  the  fame  intenfe  red  is  obtained.  By 
fufion  upon  charcoal,  too,  the  tinge  is  not  de-. 
ftroyed  fo  foOtv  in  the  latter  cafe,  as  borax  at- 
tra£ts  phlogifton  with  lefs  force  than  the  phof- 
phoric  acid  does. 

If  a fmall  quantity  of  calx  of  manganefe  be 
added  to  an  alkali,  either  vegetable  or  mineral, 
fufed  in  a filver  fpoon,  and  the  fire  continued 
for  a few  minutes,  the  globule  foon  becomes  of 
a whitifh  blue  5 or,  if  any  iron  be  prefent,  it  ac- 
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quires  a green  tinge : By  a larger  quantity,  the 
colour  is  made  more  intenfe,  even  Jfb  far  as  to 
appear  nearly  black  ; but  the  mafs  fufes  llowly, 
and  by  being  marked  with  fpots,  fhews  an  une- 
qual diftribution.  If  to  the  fufed  mafs  be  added 
either  powder  of  charcoal  or  white  arfenic,  the 
calx  of  the  manganefe  is  phlogifticated,  and  the 
colours  perifh  : Hence  it  appears  why  common 
cryftalline  glafs  grows  red  by  the  admixture  of 
manganefe  ; but,  if  the  alkaline  fait  prevails  in 
it,  it  contrails  a violet  colour. 

Nitre,  fufed  in  the  fpoon,  flows  about ; but, 
added  in  fmall  quantities  to  the  alkaline  fait, 
does  not  deftroy  its  globular  figure.  In  this 
cafe  the  colour  is  changed  to  a green,  by  the 
addition  of  a fmall  quantity  of  calx  of  manga- 
nefe, on  account  of  the  calcined  iron  prefent°m 
the  blue  mafs. 

Many  of  thefe  changes  take  place  in  a cruci- 
ble, but  not  all.  The  red  glafs,  indeed,  upon 
the  addition  of  powdered  charcoal,  effervefces, 
^nd  is  deprived  of  its  tinge  ; but  the  halts  con- 
taining .vitriolic  acid,  and  the  ignoble  metallic 
calxes,  (except  white  arfenic,  which  eafily  yields 
its  phlogiflonj,  are  of  no  effeft  ; for,  although 
the  veffel  be  red  hot,  neither  the  acid  nor  the 
ealxes  are  thereby  fufficiently  loaded  with  phlo- 
gihon,  and  that  portion  which  they  naturally 

“,  in  thIs  «fe  « -ot  feparated  : The  con- 
m of  ignited  coal  is  neceflfary,. 
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Thefe  things  being  known,  it  will  not  be  dif- 
ficult  to  explain  the  ufe  of  manganefe  in  the 
purification  of  glafs  ; for  the  iron,  which  conta- 
minates a vaft  number  of  bodies,  adheres  not 
only  to  the  alkali,  but  to  the  filiceous  earth  of 
which  the  glafs  is  compofed.  Now  this  metal, 
in  order  to  enter  the  texture  of  glafs,  mull  be 
deprived  of  a certain  quantity  of  phlogifton. 
The  great  quantity,  however,  of  that  principle 
with  which  it  is  capable  of  entering  glafs,  pro- 
duces a green  colour,  in  the  fame  way  as  by  fa- 
lution  in  acids  (particularly  the  vitriolic)  ii  pro- 
duces a green  vitriol  : Yet  this  fait,  on  being 
repeatedly  diffolved,  fuccellively  lofes  more  and 
more  of  its  phlogifton  ; for  that  reafon  grows 
pale,  and  at  length  is  changed  into  a brownifir 
red  lixivium,  which  refufes  to  cryftallize.  If 
now  fo  great  a portion  of  manganefe  be  added 
by  fufion  to  glafs,  that,  on  the  one  hand,  the 
phlogifton  occafioning  the  green  colour  may  be 
abforbed,  and,  on  the  other,  by  means  of  that 
phlogifton  the  calx  be  deprived  of  all  colour, 
we  fhall  have  a glafs  colourlefs  as  water.  Too 
great  a proportion  of  manganefe  will  impart  its 
own  colour,  too  fmall  a one  will  leave  a part  of 
the  original  green  in  the  glafs.  The  latter  ex- 
cefs,  however,  is  preferable  to  the  former  ; for 
a very  flight  degree  of  green  is  not  perceptible 
In  glafs,  unlefs  when  it  is  fo  hot  as  almofi  to  li- 
quefy ; and  this,  upon  cooling,  becomes  again 
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entirely  invifible.  But  the  iron,  if  too  much 
dephlogifticated,  communicates  a yellow  hue, 
which  cannot  be  removed  by  the  calx  of  man- 
ganefe,  but  like  the  green  when  weak,  can  on- 
ly be  perceived  in  the  glafs  while  hot. 

(g)  The  habits  of  manganefe,  examined  by 
folution,  confirm  and  illuflrate  the  former  ex- 
periments. 

The  vitriolic  acid,  even  when  concentrated, 
attacks  manganefe  in  its  metallic  form,  but 
much  better  when  diluted  with  double  or  triple 
the  quantity  of  water  : Innumerable  bubbles  a- 
rife,  which,  when  collected,  are  found  to  be  in- 
flammable. It  is  diflblved  more  flowly  than 
iron,  and  leaves  behind  a black  fpongy  fub- 
ftance,  of  the  fame  figure  as  the  metal : A fmell 
is  perceived  fimilar  to  that  occafioned  by  marine 
acid  with  iron.  The  folution  is  colourlefs,  like 
pure  water ; and,  upon  evaporation,  depofits 
very  bitter  fp'vthous  cryftals,  which  are  clear  and 
colourlefs  ; but,  on  the  addition  of  alkali,  lets 
fall  a white  precipitate,  which  we  formerly  cal- 
led the  white  calx  of  manganefe,  and  is  now  to 
be  more  accurately  examined. 

It  readily  appears,  that  this  white  calx  of 
manganefe,  or  more  properly  white  aerated 
manganefe,  is  not  laturated  with  phiogifton,  as 
it  wants  the  reguline  form  ; and,  that  regulus 
of  manganefe,  during  folution,  is  deprived  of 
a portion  of  its  phlogilton,  is  the  lefs  doubtful, 
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as  it  is  certain,  that,  during  that  procefs,  inflam- 
mable air  is  generated.  This  calx,  however, 
retains  precifely  that  quantity  which  is  neceflary 
to  render  it  foluble  in  acids ; and,  when  this 
portion  is  diflipated  by  a white  heat  in  open  air, 
the  calx  grows  black,  and  aflumes  the  properties 
of  the  black  calx,  which  we  have  been  confr- 
dering.  Here  we  mud  obferve,  that  a folution 
of  manganefe,  much  diluted,  although  with 
aerated  alkali  it  affords  a white  precipitate,  yet 
with  the  cauftic  alkali  yields  either  at  once  a 
brown  calx,  or  one  which  foon  grows  black  in 
the  open  air.  The  reafon  is  this  : Aerated  al- 
kali yields  the  aerial  acid  to  the  falling  calx,  as 
is  eafily  feen  from  the  increafe  of  weight,  the 
effervefcence  of  the  precipitate  with  acids,  and 
by  pneumatic  diftillation  : But,  in  this  cafe,  the 
acids  fix  the  quantity  of  phlogillon  neceflary  to 
folution,  as  is  feen  from  hence,  that  the  pure  air 
contained  in  the  atmofphere  or  in  water,  al- 
though extremely  greedy  of  this  principle,  is 
yet  in  this  cafe  not  able  to  feparate  it.  But  the 
white  calx  is  eafily  taken  up  by  all  acids,  and 
does  not  at  all  tinge  the  menftruum,  unlefs  it 
be  fenfibly  mixed  with  iron.  It  follows  natural- 
ly, that  the  calx,  precipitated  by  aerated  alkali, 
fhould  effervefce  with  acids : It  is  alfo  to  be  ob- 
ferved,  that  the  whitenefs  is  the  more  perfett,  as 
the  quantity  of  iron  is  lefs,  as  this  foreign  admix- 
ture fullies  the  colour  by  a yellow  or  a brown. 

We 
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We  now  proceed  to  the  calcined  black  man- 
ganefe  : This,  when  either  old  or  well  calcined* 
is  only  taken  up  in  fmall  quantity  by  boiling  in 
vitriolic  acid ; neverthelefs,  if  the  menftruum 
be  added  by  fucceffive  portions,  each  of  which 
renders  a little  foluble,  it  may  be  gradually  fa- 
turated  $ and  then,  with  aerated  alkali,  depofits 
a white  calx.  This  feems  to  indicate,  that  the 
calx,  though  dephlogifticated,  yet  pofieffes  a 
fmall  quantity  of  phlogifton,  which  is  infufficient 
for  the  folution  of  the  whole  * notwithftanding 
which,  the  menftruum  may  be  fufficiently  fatu- 
rated  by  fuch  particles  as  lie  next  adjoining  to 
it : Thefe,  by  means  of  the  acid,  are  capable  of 
taking  the  neceflary  phlogifton  from  the  more 
remote,  if  the  number  of  them  be  fufficiently 
great  to  fupply  the  quantity  of  phlogifton  which 
is  requifite  for  folution. 

A fingular  tranflation  we  have  already  found 
to  take  place  in  the  via  ficca  ; and,  that  the 
fame  is  the  cafe,  the  circumftances  now  to  be 
related  will  put  beyond  all  doubt.  The  calx, 
thus  exhaufted,  altogether  reje&s  the  vitriolic 
acid,  unlefs  fome  fubftance  charged  with  phlo- 
gifton be  added,  which  phlogifton  is,  by  means 
of  the  acid,  transferred  to  the  calx  : Thus,  upon 
the  addition  of  fugar,  honey,  gum,  or  other  fuit- 
able  fubftances,  the  folution  may  be  promoted 
and  completed.  Such  of  thofe  fubftances  as, 
vpon  the  abftra&ion  of  their  phlogifton,  perifh, 
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(namely  organic  bodies),  leave  no  other  veftige 
of  themfelves  in  the  folution,  than  the  phlogifti- 
cation  above  mentioned.  A fimilar  effeft  is  al- 
fo  produced  by  the  metals,  not  only  the  imper- 
fect, but,  what  is  very  extraordinary,  even  by 
gold  itfelf : This  efpecially  takes  place  in  the 
marine  acid  ; but,  in  all  cafes,  the  metallic 
calxes  are  eafily  found  in  the  folution.  We 
have  faid,  that  phlogifton  is  eafily  transferred, 
by  means  of  the  acids,  to  the  black  calx  ; and 
that  this,  when  loaded  with  phlogifton  in  proper 
quantity,  is  diflblved  j and  this  we  have  affirm- 
ed not  without  reafon  ; for  the  calx,  when  boil- 
ed with  fugar  diflblved  in  water,  is  not  fupplied 
with  phlogifton,  nor  is  the  fugar  changed,  but 
remains  complete ; and,  when  it  is  feparated  by 
lotion,  the  calx  is  found  infoluble  as  before  : 
But,  if  an  acid  be  alfo  added,  by  its  means  the 
calx  takes  up  quickly  as  much  phlogifton  as  is 
neceffary  to  make  it  foluble ; nay,  the  phlogifti- 
cated  vitriolic  acid,  when  poured  upon  the  calx, 
foon  lofes  its  fmell,  and  diflolves  it  readily  with- 
out any  afliftance. 

Another  method  of  folution  has  alfo  been 
found  out,  which  clearly  fliews  the  great  attrac- 
tive ,'orce  this  caltf  poflefles  with  refpebt  to  phlo- 
gilion.  T Inis,  let  the  vitriolic  acid  be  drawn 
off  from  the  black  calx  feveral  times,  with  an 
heat  approaching  to  ignition,  in  a glafs  veffel, 
either  open  or  fliut  j after  each  operation,  let 

the 


OF  THE  WHITE  ORES  OF  IRON.  217 


the  foluble  part  be  elixated  with  water,  and  at 
length  nothing  will  remain.  From  whence, 
then,  is  derived  the  phlogifton  neceffary  for  fo- 
lution  ? I anfwer,  from  the  decompofition  of 
the  matter  of  heat,  which  confifts  of  pure  air, 
joined  to  a determinate  quantity  of  phlogifton. 
In  order  to  fhew  that  this  is  not  bare  conjec- 
ture, let  the  operation  be  performed  in  a clofe 
veffel,  to  which  is  adapted  a pneumatic  appara- 
tus ; and,  towards  the  clofe  of  the  procefs,  pure 
air  is  copioufly  produced,  which  is  extricated 
while  the  phlogifton  is  uniting  with  the  calcined 
manganefe.  The  calx  is  indeed  of  itfelf  capable 
of  decompoftng  the  heat,  but  cannot  be  render- 
ed foluble  without  acids.  If  the  acid,  a little 
diluted,  be  drawn  off  only  to  drynefs  from  one 
half  its  weight  of  black  calx,  water  is  able  to 
take  up  by  elixation  upwards  of  one  fourth  of 
the  calx.  This  water  is  of  a beautiful  red,  and, 
on  due  evaporation,  yields  cryftals  of  the  fame 
colour.  This  tinge  indicates  a deficiency  of 
phlogifton,  a deficiency  which,  as  has  been  al- 
ready faid,  may  be  fupplied  either  by  continu- 
ing the  abftra&ion  to  ignition,  or  by  fome  fuit- 
able  phlogiftic  additaments. 

We  have  hitherto  only  confidered  the  white 
and  the  black  calx  ; it  is  proper  now  to  beftow 
fome  attention  upon  the  other  varieties  r That 
which  is  produced  by  the  fpontaneous  calcina- 
tion of  the  regulus,  is  at  firft  of  a dulky  colour, 

but. 
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but,  in  the  open  air,  grows  more  brown  j and, 
in  about  fourteen  days,  the  weight  is  increafed 
°>35>  and  is  again  diminifhed  a few  hun- 
dredths, on  expofure  to  heat.  The  humidity 
which  had  been  attra&ed  from  the  atmofphere 
being  now  expelled,  this  calx,  in  proportion  as 
it  is  more  newly  made,  and  lefs  expofed  to  fire, 
is  the  richer  in  phlogiflon,  and  is  the  more 
quickly  diffolved  in  vitriolic  acid,  with  which  it 
produces  a bluifh  red  colour.  This  elegant 
tintture,  gently  precipitated  by  means  of  aerated 
alkali,  at  length  fhews  fome  red  particles  fubfi- 
ding,  which  yet,  colletted  on  a filter,  grow 
brown.  It  appears  very  probable  that  the  red 
calx  forms  a fort  of  medium  between  the  black 
and  the  white,  being  more  foluble  than  one, 
and  lefs  foluble  than  the  other ; and  that  the 
colour  indicates  the  imperfeft  flate  of  the  folu- 
tion  ; for,  by  the  addition  of  fugar,  it  is  dif- 
charged  in  a few  minutes.  To  this  clafs,  doubt- 
Iefs,  belong  the  red  and  brown  ores  of  manga- 
nefe.  The  particles  enveloped  in  tranfparent 
matrices  afford  very  beautiful  fpecimens,  more 
or  lefs  pellucid  : Thus  the  red  fpathous  ore 
which  is  got  at  Klapperud,  in  Dalia,  is  found 
filled  with  zeolith  ; fo  that  a fmall  piece,  gra- 
dually put  into  an  acid,  is  fpoiled  of  the  red 
calx,  from  the  furface  fucceflively  inwards  to 
the  center,  though  the  original  form  and  mag- 
nitude remain.  The  remainder,  upon  exami- 
nation. 
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nation,  is  found  totally  filiceous ; for  the  argil- 
laceous and  calcareous  parts  of  the  zeolith  ma- 
trix are  extracted  by  the  acid,  together  with  the 
calcined  manganefe. 

Both  the  red  and  the  colourlefs  calx  of  man- 
ganefe are  precipitated  by  a phlogifticated  alkali 
of  a whitilh  yellow,  unlefs  the  iron  be  fuper- 
abundant. 

It  has  already  been  obferved,  that  the  black 
calx  of  manganefe  grows  green  in  a red  heat, 
which  was  firft  remarked  by  the  celebrated  Rin- 
man,  upon  making  the  experiment  on  a fpecies 
of  black  calx  of  manganefe,  which  muft  yet  be 
particularly  diftinguilhed  ; for,  though  it  con- 
fifls  for  the  molt  part  of  a black  calx,  yet  it  con- 
tains  a number  of  heterogeneous  particles,  fuch 
as  calcareous  and  filiceous  earth,  and  terra  pon- 
derofa,  fubftances  which  are  always  mixed  with 
the  Swedifli  calx.  This  green  calx  is  found 
concreted  into  loofe  grains,  is  made  white  by  the 
vitriolic  acid,  and  corroded  into  a fubtile  pow- 
der ; but  very  little  is  diffolved,  even  by  the 
addition  of  fugar  ; nor  is  a red  tinge  ever  pro- 
duced. 

Having  thus  fpoken  pretty  fully  of  the  vitrio- 
lic acid,  let  us  now  briefly  confider  the  other 
acids. 

The  nitrous  acid  difiolves  the  regulus  with  a 
certain  eflervefcence,  occafioned  by  the  genera- 
tion of  nitrous  air  $ yet  a fpongy,  black,  and 
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friable  body  remains,  refembling  molybdaena  in 
its  properties,  fo  far  as  the  lmall  quantity  of  the 
matter  would  permit  experiments  to  be  made. 
The  other  menftrila  alfo  exhibit  a limilar  refi- 
duum.  The  folution  is  always  brown,  which  is 
occahoned  by  the  iron  adhering  to  the  manga- 
nefe.  It  fcarcely  acquires  a red  colour.  The 
white  calx  is  very  readily  taken  up  by  the  acid, 
during  which  operation  the  aerial  acid  is  extri- 
cated, but  no  nitrous  air  appears.  The  fatura- 
ted  menftruum  has  the  appearance  of  water,  un- 
lefs  iron  be  prefent : The  black  calx  is  very  fpa- 
ringly  diffolved,  yet  a faturation  is  effected  by 
means  of  a large  quantity  of  the  calx.  Phlogi- 
ftic  additaments  complete  the  folution  ; but  thefe 
are  not  neceffary  if  the  acid  be  employed  in  a 
phlogifticated  ftate.  In  this  cafe,  the  decompo- 
fition  of  heat  feems  to  have  lefs  effedt,  as  the 
menftruum,  being  more  volatile  than  the  vitri- 
olic acid,  is  diflipated  by  a lower  degree  of  heat. 
The  green  calx  is  adled  upon  in  the  fame  way  as 
by  the  vitriolic  acid.  The  folutions,  when  pure, 
depofit  no  folid  cryftals,  although  the  evapora- 
tion be  conducted  with  the  rnoft  cautious  flow* 
nefs. 

Reguline  manganefe  is  diffolved  in  the  ufual 
manner  by  the  marine  acid,  as  is  alfo  the  white 
calx  ; nay,  the  black  is  taken  up  in  the  cold  by 
this  menftruum,  and  communicates  to  it  a red 
colour.  I had  before  conjedtured,  that  the  red 

calx 
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calx  is  richer  in  phlogifton  than  the  black,  an 
opinion  which  is  confirmed  by  a circumftance 
which  occurs  here.  Marine  acid  contains  phlo- 
gifton, as  one  of  its  conftituent  principles  *,  and 
the  black  calx,  by  means  of  a fuperior  attrac- 
tion, feizes  a part  of  this  phlogifton,  and  ac- 
quires a certain  degree  of  folubility  : But  this 
union  is  very  flight,  and  may  even  be  deftroyed 
by  the  Ample  affufion  of  water.  If,  however, 
the  red  folution  be  expofed  to  a digefting  heat 
for  fome  hours,  an  inteftine  motion,  like  an  ef- 
fervefcence,  takes  place  *,  the  fmell  of  dephlo- 
gifticated  acid  is  perceived,  and  the  calcined 
manganefe  is  taken  up  in  fuch  a manner  as  to 
be  only  feparable  by  an  alkali.  The  part  of  the 
acid  which,  by  its  phlogifton,  has  rendered  the 
calx  foluble,  puts  on  the  appearance  of  a red 
vapour,  and,  flying  off,  manifefts  itfelf  by  a pe- 
culiar odour.  If  fugar  be  employed,  the  de- 
compofition  of  the  menftruum  is  not  neceflary, 
nor  is  any  fmell  of  aqua  regia  perceived.  Other 
fuitable  phlogiftic  matters  in  the  fame  way  ef- 
fect the  folution  of  the  black  calx  ; nay,  mer- 
cury itfelf,  and  even  gold,  neither  of  which 
yields  directly  to  the  marine  acid,  yet  fupply 
calcined  manganefe  with  their  phlogifton  ; and, 
being  thus  dephlogifticated,  are  diflolved  in  the 
menftruum  along  with  it. 

Salited  manganefe  fcarcely  yields  diftinft  cry- 
tyals,  but  only  a faline  mafs5  which  attracts  the 
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moifture  of  the  air.  The  precipitate  by  alkali 
is  occafionally  either  white,  yellow,  or  black. 

As  the  fluor  acid,  united  with  manganefe, 
forms  a fait  difficult  of  folution,  it  is  thence  fuf- 
ficiently  obvious,  that  the  folvent  power  of  that 
acid  is  extremely  weak ; for  the  particles,  being 
furrounded  by  a faline  cruft,  are  freed  from  the 
a&ion  of  the  menftruum  ; yet,  upon  repeated 
additions,  the  acid  may  be  faturated.  If  fluora- 
ted  volatile  alkali  be  added  to  a folution  of  man- 
ganefe made  in  another  acid,  inftantly  a double 
ele&ive  attraction  takes  place,  and  a fluorated 
manganefe  falls  to  the  bottom. 

The  fame  is  true  of  the  phofphoric  acid.  The 
microcofmic  fait,  added  to  manganefe  diffolved 
in  another  acid,  by  a double  affinity  precipitates 
a phofphorated  manganefe. 

The  power  of  vinegar  is  weak,  yet  it  diflolves 
the  regulus  in  the  way  above  defcribed,  and 
may  even  be  faturated  with  the  black  calx,  if 
that  calx  be  added  in  large  quantity.  This 
combination  yields  no  cryftals  ; and,  after  eva- 
poration, quickly  deliquefces  again. 

Not  only  reguline  manganefe,  but  alfo  the 
black  calx,  is  taken  up  by  the  acid  of  fugar  j 
but  the  faturated  folution  depofits  a white  pow- 
der, fcarcely  foluble  in  water,  unlefs  it  be  fhar- 
pened  by  an  acid.  This  fait  grows  black  in  the 
fire,  but,  on  addition  of  the  faccharine  acid,  eafi- 
ly  again  acquires  a milky  colour.  Manganefe 
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is  precipitated  in  the  form  of  cryflalline  atoms, 
by  acid  of  fugar,  from  its  folution  in  vitriolic, 
nitrous,  or  marine  acid. 

The  acid  of  tartar,  which  is  fimilar  to  this, 
takes  up  the  black  calx  even  in  the  cold  ; but 
the  colour  of  the  folution  is  a reddilh  brown  t 
However,  this  tinge  is  difcharged  with  effer- 
vefcence  in  a digefting  heat.  A part  of  the 
menftruum  is  therefore  decompofed,  and  yields 
its  phlogiflon  to  the  calx,  as  has  been  already 
obferved  of  the  marine  acid  ; befides,  the  tarta- 
rized  vegetable  alkali,  added  to  any  folution  of 
manganefe,  immediately  throws  down  tartarized 
manganefe. 

The  circumftances  already  mentioned  take 
place  with  the  acid  of  lemons,  which,  in  this 
inftance,  pofleflfes  altogether  the  fame  properties. 

The  weak  aerial  acid  faturating  water,  attacks 
both  the  regulus  and  the  black  calx.  The  man- 
ganefe, thus  diffolved,  if  not  mixed  with  iron, 
feparates  in  the  form  of  a floating  white  pelli- 
cle. By  tin&ure  of  galls,  or  an  alkali,  it  is  pre- 
cipitated white.  If  it  is  the  regulus  which  has 
been  employed,  a peculiar  fmell,  refembling 
that  of  burning  fat,  is  perceived. 

A very  minute  portion  of  the  black  calx, 
added  to  an  alkali  in  fufion,  immediately  tinges 
it  of  an  elegant  blue,  or  fometimes  a green  co- 
lour, if  iron  be  prefent ; hence  it  is,  that  pot- 
atoes are  fometimes  found  variegated  with  blue 

or 
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or  green.  The  green  folution,  in  a clofe  veffel, 
gradually  depofits  its  iron,  and  then,  the  yellow 
being  difcharged,  it  becomes  blue.  Expofed  to 
the  open  air,  the  alkali  attra&s  the  aerial  acid, 
and  the  black  calx  is  depofited,  a depofition 
which  is  more  quickly  effected  by  a few  drops 
of  a ftronger  acid,  or  even  by  a large  quantity 
of  water.  By  this  lad  the  folution  grows  firft 
violet,  then  red,  and  at  length  all  colour  va- 
nifhes,  the  black  particles  which  before  had  been 
red  being  depofited.  Thefe  particles,  while  red, 
had  been  equally  difperfed  through  the  clear 
mafs ; but,  being  more  completely  deprived  of 
their  phlogiffon,  at  length  grow  black. 

(h)  Eight  parts  of  calcined  manganefe,  by  a 
gentle  heat  in  a glafs  retort,  take  up  three  of 
fulphur,  and  produce  a yellowifh  green  mafs, 
which  is  afted  upon  by  acids,  diffolving  the 
metal  with  effervefcence  and  an  hepatic  odour. 
The  fulphur  which  remains  after  the  genera- 
tion of  the  hepatic  air,  may  be  collected  on  a 
filter. 

Reguline  manganefe  appears  to  reject  ful- 
phur. 

(i)  Thefe  properties  evidently  fhew,  that 
manganefe  differs  confiderably  from  all  metals 
hitherto  known.  In  fufibility  and  colour,  it 
fomewhat  refembles  iron.  In  its  ftrength  of 
attraction,  fpecific  gravity,  and  in  producing  a 

colourlels 
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colourlefs  vitriol,  it  approaches  to  zinc  ; but,  in 
other  properties,  is  totally  different. 

Iron  is  malleable  and  magnetic -when  it  re- 
tains the  greatefl:  poffible  quantity  of  phlogifton. 
During  folution  in  acids,  it  exhibits  a green  co- 
lour ; but,  upon  a greater  dephlogiftication,  it 
grows  pale  ; and  the  laft  lixivium,  which  refufes 
to  cryftallize,  puts  on  a reddifh  brown,  appear- 
rance.  The  vitriol  of  this  metal,  diffolved  in 
water,  is  decompofed  fpontaneoufly  in  an  open 
veffel,  and  feparates  an  ochre.  This  depofition 
is  accelerated  by  heat.  The  calx  depofited  is  of 
a reddifh  brown,  or  at  lead  reducible  to  that 
colour  by  a due  degree  of  heat. 

Zinc  is  of  a white  colour,  eafily  fufible,  and 
inflammable  by  ignition  in  open  veffels,  and 
burns  with  a niofl  elegant  flame,  fending  forth 
white  flowrers  ; but,  in  clofe  veffels,  the  metal, 
being  volatile,  rifles  by  the  force  of  the  fire  : It 
forms  with  copper  a yellow  compound,  Which, 
when  the  relative  quantities  are  properly  adjuft- 
ed,  refembles  gold  : It  is  eafily  diffolved  in  all 
the  acids,  whether  it  be  reguline  or  calcined, 
and  forms  a colourlefs  folution  : It  yields  a white 
calx,  which  is  not  rendered  black  by  a red  heat 
of  fome  minutes  ; and  it  never  tinges  glafs  red. 
Thefe,  and  its  other  properties,  readily  diftin- 
guifh  it  from  manganefe.  The  entire  habit  of 
the  latter  with  phlogifton  is  fo  Angular.,  that  it- 
cannot  eafily  be  confounded  with  the  other  me. 
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tals  ; for  what  metallic  calx,  except  the  black 
calx  of  manganefe,  is  able  to  decompound  ma- 
rine acid  and  volatile  alkali,  nay  to  feparate  the 
phlogifton  even  from  gold  itfelf ? What  other, 
when  deprived  of  its  phlogifton,  can  form  a 
blue  folution  with  alkaline  falts,  and  a red  with 

i ■ ■ v ' 

acids,  which  it  again  lofes  by  means  of  phlogi- 
ftic  additaments  ? What  other  is  there  which, 
by  the  difference  in  the  quantity  of  phlogifton, 
can  exhibit  colours  fo  various  and  fo  diftindt, 
namely,  white,  red,  green,  and  black  ? It  is 
generally  thought,  that  black  calxes  contain  the 
greateft  quantity  of  phlogifton  ; but,  in  this 
cafe,  the  black  contains  lead  of  it. 

Befides,  manganefe,  though  tortured  in  many 
different  ways,  could  not  be  changed  into  iron 
or  zinc,  or  any  other  known  metal,  but  obfti- 
nately  retained  its  own  properties : Therefore, 
until  experiments,  free  from  the  leaft  ambigui- 
ty, fhall  have  ffiewn  that  this  is  derived  from 
Other  metals,  it  muft  be  confidered  as  a di- 
ftincft  metallic  fubftance,  unlefs  we  wifh  to  over- 
turn the  certainty  of  natural  philofophy  altoge- 
ther, by  indulging  fallacious  conjeftures.  The 
difficulty  with  which  the  martial  inquinament 
is  feparated,  indicates  no  more  than  the  exi- 
ftence  of  a very  intimate  union.  The  regulus 
eliquated  from  the  black  manganefe  of  Sweden, 
expofed  in  an  Heffian  crucible  for  a quarter  of 
an  hour  (without  any  additament)  to  a violent 
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heat,  loft  0,33,  which  had  feparated  in  the  form 
of  a brownifh  yellow  fcoria.  The  regulus  was 
not  yet  magnetic  ; and,  by  the  addition  df  fu« 
gar,  the  acids  extracted  pure  calx  of  manganefe  j 
at  leaft,  with  phlogifticated  alkali,  no  traces  of 
Prullian  blue  could  be  difcovered.  The  remain- 
der of  the  regulus  weighed  67  lb. ; and,  upon 
repeating  the  operation,  the  part  which  was 
magnetic  weighed  only  25  lb.  and  the  black 
fcoria  was  found  contaminated  a little  with  iron. 
This  regulus,  fufed  again,  yielded  only  17  lb. 
and  dilfolved  in  acids,  by  the  addition  of  phlo- 
gifticated  alkali,  both  white  and  blue  particles 
were  depofited,  the  former  ol  which  appeared 
moft  numerous ; fo  that  we  may  conclude,  that, 
in  100  parts  of  manganefe,  there  are  not  pre- 
fent,  of  common  iron,  more  than  0,08. 

The  method  by  which  the  quantity  of  iron 
may  be  accurately  examined,  will  be  defcribed 

§ VIII.  B. 

5 viii.  Method  by  'which  Manganefe , when  mix- 
ed with  Iron , may  be  diftinguijhed  and  fey  a- 
rated. 

The  ores  of  iron  and  of  manganefe  are  very 
frequently  loaded  with  both  metals ; and,  al- 
though the  iron  ores  are  often  found  without 
manganefe,  yet  thofe  of  the  latter  are  fcarcely 
ever  free  from  the  former.  The  calxes  of  thefe 
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two  metals  are  alfo  frequently  found  together  iq 
the  vegetable  kingdom. 

(a)  In  order  to  difcover  the  prefence  of  man- 
ganefe  in  iron  quickly  and  eafily,  the  blow-pipe 
may  be  employed  in  the  manner  above  defcri- 
bed  (§  iv.)  ; but  no  rednels  appears,  if  a parti- 
cle of  complete  metal  be  added  to  the  fait  in  fu- 
fion,  as  the  tinge  is  deftroyed  by  the  phlogifton 
of  the  iron,  (§  vi.  e and  g).  The  purpofe  is 
generally  better  anfwered  by  a fmall  portion  of 
the  metal  well  calcined  ; but,  upon  charcoal, 
the  metallic  calx  attracts  phlogifton  from  the 
fupport  ; therefore  the  fufion  muft  either  be 
performed  in  a filver  fpoon,  or  elfe  the  red  co- 
lour muft  be  induced  by  a fmall  piece  of  nitre. 
A perfon  ufed  to  the  procefs  -yvill  eafily  know 
the  prefence  of  manganefe,  and  even  be  able, 
from  the  phenomena,  to  judge  of  its  quantity. 

In  a crucible,  too,  the  prefence  of  manganefe 
is  difcovered  without  difficulty.  To  a piece  of 
iron,  weighing  a few  aftay  pounds,  and  made 
red  hot,  let  there  be  added  about  five  times  the 
quantity  of  cryftallized  nitre  ; and  let  the  fame 
quantity  be  again  added  when  the  effervefcence 
has  ceafed  : If  any  manganefe  be  prefent,  a 
green  ring  will  be  found  round  the  middle  of 
the  infide  of  the  crucible  ; if  the  quantity  be 
confiderable,  it  will  not  be  neceffary  to  add  the 
nitre  a fecond  time.  The  crucible  muft  be  re- 
moved from  the  fire  while  the  mafs  is  red  hot. 

(b)  Let 
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(b)  Let  a determined  weight  of  the  iron  fu- 
fpedted  to  contain  manganefe  be  diffolved  in  a 
large  quantity  of  nitrous  acid  ; let  it  then  be 
evaporated  to  drynefs,  and  at  length  made  red 
hot : Let  the  refiduum  be  weighed,  and  put  in- 
to diluted  nitrous  acid,  together  with  a fmall 
piece  of  fugar ; and  if  any  manganefe  be  pre- 
fent,  after  a few  hours  the  nienftruum,  when  fa- 
turated  with  aerated  alkali,  will  yield  a white 
metallic  calx,  which  may  be  thus  totally  ab- 
Rratted  : Let  the  remainder,  which  is  totally 
deprived  of  manganefe,  be  elixated,  dried  to 
ignition,  and  finally  again  weighed,  the  diffe- 
rence of  weight,  before  and  after  the  extraction, 
will  fhew  the  quantity  of  calcined  manganefe  5 
and  this  being  given,  the  correfponding  quanti- 
ty of  reguline  manganefe  is  eafily  determined* 
as  that  metal  gains  0,33  by  calcination.  The 
folution  itfelf  alfo,  precipitated  by  a fixed  al- 
kali, affords  a white  calx,  the  knowledge  of 
which  eafily  determines  the  quantity  of  the  re- 
guline manganefe  * for  experiments  fhew,  that 
100  parts  of  this  metal  diffolved,  yield  180  of 
white  calx. 

The  white  calx  thus  obtained  is  feldom  en- 
tirely free  from  iron,  as  it  is  very  difficult  to  de- 
prive that  metal  fo  far  of  its  phlogifton,  that  the 
nitrous  acid,  efpecially  when  phlogifticated,  can- 
not take  up  fome  portion  of  it : But  if  the  white 
calx,  obtained  as  above*  be  well  calcined,  and 
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again  diffolved  in  nitrous  acid,  by  means  of  the 
addition  of  fugar,  the  iron  remains  for  the  molt 
part  undiffolved.  /U  the  beginning,  too,  the 
martial  inquinament,  being  weaker  in  attractive 
power,  may  be  precipitated  by  a few  drops  of 
volatile  alkali. 

Iron,  contaminated  with  manganefe,  if  pow- 
dered and  plunged  into  a folution  of  martial 
vitriol,  is  gradually  depurated  ; for,  in  virtue  of 
its  fuperior  attra&ion,  the  acid  fepirates  from 
tile  iron,  and  diffolves  the  manganefe. 

§ i a.  Proximate  Principles  of  the  white  Ores  of 

Iron. 

Thefe  things  being  premifed,  we  are  enabled 
to  judge  properly  of  the  compofition  of  our 
ores,  namely,  they  always  confifl  of  lime,  iron, 
and  manganefe,  but  in  proportions  infinitely 
varied  ; for  we  (hall  pafs  over  in  filence  the 
foreign  matters,  which  we  have  already  men- 
tioned as  being  fometimes  prefent  f§  vi.  b). 

(a)  The  prefence  of  lime  is  indicated  by  the 
effervefcence,  more  or  lefs  remarkable,  occafion- 
ed  by  the  pulverized  ore  (§  vi.  a)  ; by  its  oc- 
cafioning  an  heat  in  water,  when  fufficiently 
burned ; by  its  feparating  a cream  (§  v.  a)  j 
and  by  the  whitilh  opacity  occafioned  upon  cool- 
ing, in  the  nitrous  globules,  when  too  much 
loaded  with  it  (§  iv.  b).  Other  circumftances 

tend 
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fend  alfo  to  prove  the  fame  thing ; but  the  hu- 
mid folution  (§  vi.  d)  it  is  which  puts  the  mat- 
ter beyond  doubt.  If  any  portion  of  the  metal 
fhould  at  the  fame  time  enter  the  menftrua  em- 
ployed, (which  is  generally  the  cafe),  that  part 
ought  firft  to  be  precipitated  by  phlogifticated 
alkali ; and  afterwards  the  lime,  by  an  aerated 
alkali. 

(b)  Of  the  prefence  of  iron  there  is  no 
doubt ; the  crude  ore  is  fometimes  attra&ed  by 
the  magnet,  which  is  almoft  always  the  cafe 
when  it  is  burned  ; but  fometimes,  even  after 
burning,  this  property  is  concealed  by  the  fmall- 
nefs  of  the  quantity,  the  iron  frequently  not  ex- 
ceeding 0,02,  which  neverthelefs  is  difcovered 
in  the  folution  by  means  of  phlogifticated  al- 
kali. The  quantity  of  metal  is  difcovered  by 
redu&ion,  either  in  the  humid  way  or  by  fire, 
folution,  and  precipitation,  (§  v.  e ; viii.  b). 

That  iron,  deprived  of  its  metallic  form,  is 
prefent,  eafily  appears  ; for  the  ore  is  feldorn 
magnetic  before  roafting  ; nor,  on  folution, 
does  it  generate  inflammable  air,  when  the 
menftruum  is  vitriolic  or  nitrous  acid  : How- 
ever, as  the  perfedt  ore  yields,  without  heat, 
green  folutions,  except  with  the  nitrous  acid, 
and  produces  with  the  vitriolic  acid  a beautiful 
green  fait,  we  may  thence  colled!,  that  the  defi- 
ciency of  phlogifton  is,  in  this  inftance,  not 
greater  than  in  martial  vitriol. 

' P4 
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( c ) The  prefence  of  manganefe  is  indicated 
by  the  moil  manifeft  figns,  and  that  even  in  the 
ftate  of  white  calx,  unlefs  when  injured  by  lapfe 
of  time  : Thefe  are,  the  blacknefs  occafioned 
by  calcination,  either  fpontaneous  or  produced 
by  fire  (§  jv.  a ; vn.  o)  ; the  habits,  when  ex- 
amined by  the  blow-pipe  (§  iv.  vn.  f)  and  by 
other  experiments,  both  by  fire  (§  v.  vii.  a,  f) 
and  by  the  humid  way  (§  vi.  vm.  g).  But 
what  puts  the  matter  entirely  beyond  doubt  is, 
that  the  calx  may  be  feparated,  and  feparately 
examined  (§  vm.  b).  White  calcined  manga- 
nefe forms  proportions  of  the'  whole  mafs  very 
unequal.  From  the  regulus  of  Elfenartz,  42 
lb.  in  weight,  24  of  white  manganefe  is  obtain- 
ed (§  v.  e)  ; which  weight  alfo  yields  13  lb.  of 
regulus  of  manganefe.  The  iron,  therefore,  is 
42  13  = 29  ; and,  in  100  parts  of  this  ore, 

of  calcined  iron,  as  in  green  vitriol,  about  38,  of 
aerated  manganefe  24,  and  of  aerated  lime  38. 
The  ore  brought  from  the  mountain,  which  in 
Sweden  is  called  the  weftern  Silver  Mountain, 
in  the  fame  way  yielded  22  of  calcined  iron,  of 
white  calcined  manganefe  28,  and  of  aerated 
lime  50. 

I 

§ x.  Ufe  of  the  White  Ores  of  Iron. 

It  is  well  known  to  the  fkilful  in  thofe  mat- 

- 

ters,  how  excellent  the  Heel  is  which  is  produ- 
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ced  by  the  white  ores  ; although  that  the  foun- 
dation of  this  excellence  is  an  admixture  of 
manganefe,  has  heretofore  been  unknown.  Ill 
the  reguli  formerly  eliquated  ( § v.  f),  the  man- 
ganefe formed  about  one  third,  by  which  not 
only  the  hardnefs  was  increafed,  but  a filver 
fplendour  communicated.  The  bell  proportions 
in  mixing  the  metals  mull  be  determined  by  va- 
rious and  repeated  experiments. 

Thefe  ores  frequently  contain  iron  in  fuch 
fmall  quantity,  that  they  cannot  properly  be  de- 
nominated from  that  metal.  One  or  two  hun- 
dredths are  certainly  of  no  fuch  confequence  : 
In  fuch  the  calcareous  earth  abounds,  which 
confequently,  by  roafting,  is  converted  into 
quick-lime,  but  is  black  or  brown,  on  account 
of  the  dephlogiftication  of  the  earthy  bafe  of  the 
manganefe.  A black  calx  of  this  kind  is  got 
in  the  neighbourhood  of  Upland.  This  affords 
excellent  mortar,  which  grows  harder,  and  dries 
more  quickly  than  any  other,  even  under  water. 
This  fuperior  excellence. is  rather  to  be  attribu- 
ted to  the  manganefe  than  to  the  iron,  as  the 
calcareous  hones,  deprived  of  manganefe,  though 
containing  the  fame  portion  of  iron  as  thofe  of 
Lena,  yet  produce  a mortar  of  a much  inferior 
quality.  We  have  calcareous  (tones  in  many 
places  of  Sweden,  which  grow  black  on  burn- 
ing, and  which  doubtlefs  poffefs  the  fame  vir- 
tue. 


We 
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We  employ  the  black  manganefe  in  glafs- 
houfes  for  purifying  glafs.  How  this  ads  has 
been  already  explained  (§  vn.  f).  It  is  very 
probable  that  calcareous  earth,  loaded  with  man- 
ganefe, and  deprived  of  iron,  fuch  as  we  have 
fpoken  of  for  building,  may  be  applied  to  the 
fame  purpofe. 


DISSER- 


DISSERTATION  XX. 


O F 

NICKEL. 


§ I.  Hijlorical  Introduction. 

, * . i 

THERE  is  found  in  the  parts  of  Germany 
which  abound  in  metals,  an  ore  which  is 
called  kupfer -nickel,  fometimes  grey,  but  often  of 
a reddifh  yellow  colour,  and  polilhed.  This 
name  it  probably  firfl  got,  and  (till  retains,  from 
this  eircumflance,  that,  although  it  has  the  ap- 
pearance of  containing  copper,  yet  not  the  {mail- 
ed particle  of  that  metal  can  be  extracted  from 
it,  even  by  fire.  The  firfl  account  we  had  of  it 
was  from  V.  Hierne,  in  a book  publifhed  in 
1694,  written  in  the  Swedifh  language,  con- 
cerning the  difcovery  of  ores  and  other  mineral 
fubftances. 

Henckel  confiders  it  as  a fpecies  of  cobalt  or 
arfenic,  alloyed  with  copper,  and  Cramer  refers 

it 
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it  to  the  arfenical  or  cupreous  ores ; but  neither 
they,  nor  any  other  perfon,  (as  they  themfelves 
confefs),  were  ever  able  to  extract  from  it  a 
Tingle  particle  of  copper.  Several  other  philo- 
fophers  acquiefced  in  this  opinion,  until  that 
celebrated  mineralogift  Mr  Cronftedt  firft  un- 
dertook an  accurate  examination  of  this  mine- 
ral, and,  by  many  experiments,  which  were 
published  in  the  years  1751  and  1754,  fh'ewed 
that  it  contained  a new  femimetal,  to  which  he 
gave  the  name  of  nickel. 

Almoft  all  the  Swedifh  mineralogies  after- 
wards embraced  this  opinion,  as  alfo  did  many 
others,  although  the  old  opinion  was  not  entire- 
ly deferted  ; for  fome  were  led  rather  by  vague 
conje&ure  and  fpecious  appearance,  than  by  fa- 
tisfaCtory  experiment  ; and  Mr  Sage  has  lately 
attempted  to  eltabiilh  the  former  theory  by  che- 
mical reafonings  and  experiments.  In  the  aCts 
of  the  Royal  Academy  at  Paris,  he  defcribed  an 
analyfis  of  nickel  which  he  had  undertaken,  and 
upon  this  grounds  an  opinion,  that  the  new 
femimetal  is  compofed  of  cobalt  mixed  with 
iron,  arfenic,  and  copper. 

In  order  to  decide  upon  this  fubjeCtj  many 
experiments  are  necefiary,  and  thefe  I undertook 
with  a mind  totally  free  from  any  preconceived 
opinion;  and  though,  upon  this  occafion,  the 
fcarcity  of  the  mineral  prevented  me  from  en- 
tirely removing  doubt,  yet  I truft  that  fo  much 

of 
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of  the  truth  has  been  laid  open,  that,  when  a 
fufficient  quantity  of  this  fubftance  can  be  ob- 
tained, it  will  be  found  no  difficult  matter  to 
eftablilh  the  truth  in  the  moft  decifive  manner. 

§ 11.  Eliquation  of  the  Regulus. 

In  order  to  obtain  the  regulus  of  nickel,  the 
pre  mull  be  firft  fubje&ed  to  roafting,  during 
which  a quantity  of  fulphur  and  arfenic,  greater 
or  lefs  according  to  the  nature  of  the  ore,  is  ex- 
pelled ; fo  that  it  fometimes  lofes  upwards  of 
half  its  weight,  but  frequently  not  above  0,3. 
This  ore,  though  long  and  completely  calcined, 
does  not  always  acquire  the  fame  colour,  but,  in 
general,  becomes  greener  in  proportion  as  it  is 
more  rich  ; fometimes  (efpecially  if  fuffered  to 
lie  at  reft)  its  upper  furface  is  covered  with 
green  vegetations,  fomewhat  of  the  form  of  co- 
ral, which  are  hard  and  fonorous. 

Let  a double  or  triple  quantity  of  black  flux 
be  added  to  the  roafted  powder,  and  the  mix- 
ture well  fufed  in  a forge,  in  an  open  crucible, 
covered  with  common  fait,  according  to  the 
ufual  method. 

The  veffel  being  broken,  a metallic  globule 
is  found  at  the  bottom,  under  the  fcorim,  which 
are  brown  or  black,  or  fometimes  even  blue, 
ihe  weight  of  the  globule  amounts  to  0,1,  0,2, 
pr  at  the  moft  0,3  of  the  crude  ore. 


This, 
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This,  however,  is  far  from  being  pure  ; for, 
although  the  roafting  be  ever  fo  violent  and  long 
continued,  yet  a confideiable  quantity  of  ful- 
phur,  but  efpecially  arfenic,  ftill  remains  con- 
cealed in  the  regulus,  exclufive  of  cobalt,  and  a 
great  proportion  of  iron,  which  laft  is  generally 
fo  prevalent  as  to  make  the  regulus  magnetic  ; 
and  this  variety  of  heterogeneous  matter  is  the 
caufe  why  the  regulus  varies  much,  not  only  in 
refpeft  to  its  fra&ure,  the  polifhed  furface  of 
which  is  either  fmooth  or  lamellated,  but  alfo 
in  regard  to  its  white  colour,  which  is  more  or 
lefs  yellow  or  red. 

It  is  obvious  from  hence,  how  neceffary  it  is 
to  depurate  the  regulus,  if  we  Wilh  to  judge 
rightly  of  its  genuine  nature  and  properties : I 
have  therefore  undertaken  a great  variety  of  la- 
borious procelfes  for  this  purpofe.  To  delcribe 
them  all  circumftantially,  would  far  exceed  the 
limits  of  this  Effay  : I fhall  therefore  only  mem- 
tion  the  mod  remarkable,  and  that  concifely ; 
for,  in  writing  to  metallurgifts,  it  is  by  no  means 
neceffary  to  defcribe  all  the  minute  circumilan- 
ces  attending  an  operation 

§ in.  The  Regulus  depurated  by  Calcination  and 
Scorijication. 

In  order  to  difcover  the  effeft  of  repeated  cal- 
cinations and  fcorifications,  the  following  expe- 
riments 
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riments  were  made  with  a certain  regulus  of 
nickel  found  in  the  Suabian  collection  of  the 
Upfal  Academy,  which  had  been  eliquated  by- 
Mr  Cronftedt,  and  whofe  fpecific  gravity,  taken 
by  a very  exaCt  hydroftatic  balance,  was  to  that 
of  diftilled  water  as  7,4210  to  1,0000. 

(a)  Nine  ounces,  reduced  to  powder,  were 
expofed  in  feveral  diflies,  for  fix  hours,  to  an 
exceedingly  vehement  heat,  under  the  dome  of 
an  affay  furnace.  By  this  the  arfenic  was  firft 
diffipated  with  a foetid  fmell ; a fulphureous  o- 
dour  was  next  perceived  ; afterwards  a quanti- 
ty of  white  fmoke,  without  the  garlic  fmell, 
which  probably  arofe  from  the  fublimation  of 
the  more  dephlogifticated  arfenic.  When  the 
heaps  were  hot,  they  began  to  fwell,  and  green 
vegetations  fprang  out  from  all  the  furface,  re- 
fembling  mofs,  or  the  filiform  lichen  ; there  re- 
mained at  the  bottom  a powder  of  a ferruginous 
affi-colour.  In  this  operation  0,13  were  diffi- 
pated. 

(b)  Half  an  ounce  of  this  calx,  fufed  in  a 
forge  for  four  minutes,  together  with  three 
times  its  weight  of  black  flux,  yielded  a regu- 
lus, the  furface  of  which  was  reticulated,  all 
the  areola:  being  hexangular,  with  exceeding 
flender  ftriae,  diverging  from  a tuberculated 
center.  It  weighed  0,73  of  half  an  ounce,  was 
obedient  to  the  magnet,  and,  when  fcorificd 
*ith  borax,  left  a blackilh  glafs. 


(c)  This 
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(c)  This  regulus  being  again  roafted,  firft 
yielded  a garlic  fmell,  and  after  a vifible  inodo- 
rous  fume,  together  with  vegetations  as  before. 

(d)  The  roafted  powder  being  reduced  by 
the  black  flux,  and  taken  out  of  the  veffel,  a 
fmell  of  arfenic  was  again  perceived  : The  fu- 
fion  was  repeated  with  the  calx  and  borax,  and 
nothing  appeared  but  fome  obfcure  ftgns  of  co- 
balt. 

(e)  The  regulus  of  nickel,  roafted  a third 
time,  yielded  but  little  fmell  of  arfenic  ; no  ve- 
getations appeared  ; and,  finally,  the  metallic 
calx  had  rather  a ferruginous  than  a green  co- 
lour. 

( f)  After  reduction  in  the  fourth  calcination, 
nearly  the  fame  phenomena  appeared. 

(g)  Reduction  being  performed  with  lime 
and  borax,  the  regulus,  when  firft  fufed,  loft 
much  of  its  iron,  which  adhered  to  the  black 
fcorias  ; it  foon  acquired  an  hyacinthine  colour, 
without  any  remarkable  mixture  of  cobalt ; it 
was  now  but  little  obedient  to  the  magnet,  and 
its  fpecific  gravity  7,0828. 

(h)  The  regulus  was  again  roafted,  (the  fifth 
time)  ; but,  upon  the  gradual  addition  of  pow- 
dered charcoal  to  the  difhes  when  red  hot,  a 
prodigious  quantity  of  arfenic,  which  was  be- 
fore imperceptible,  flew  off  in  the  form  of 
fmoke  ; for  it  is  the  nature  of  this  femimetal, 

that  unlefs  there  be  prefent  a certain  quantity 

of 
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of  phlogifton,  with  which  it  may  unite,  it  does 
not  yield  to  the  adtion  of  fire,  but  remains  fix- 
ed. The  powder  was  treated  in  this  way,  until 
no  more  finoke  or  garlic  finell  appeared,  al- 
though charcoal  was  again  added. 

(1)  On  reduction  a regulus  was  obtained  of 
a lamellated  and  tenacious  texture,  which  yet* 
when  the  veffel  was  removed  from  the  fire,  dif- 
fufed  an  arfenical  odour. 

(k)  The  roafting  was  therefore  repeated  a 
fixth  time,  and  continued  for  ten  hours,  and  by 
powdered  charcoal  arfenie  was  expelled,  diftin- 
guilhable  not  by  the  fight  but  by  the  fmell  ; the 
colour  of  the  metallic  calx  was  obfcurely  ferru- 
ginous, mixed  with  a green  fcarcely  vifible. 

(l)  The  reduction  being  effected  with  equal 
parts  of  the  white  flux,  lime,  and  borax,  a re- 
gulus was  obtained,  femidudtile,  highly  magne- 
tic, and  foluble  in  nitrous  acid,  to  which  it  com- 
municates a deep  green  colour  ; yet  there  re- 
mains a blackilh  mafs,  which  eludes  the  force 
of  the  menftruum,  which  afterwards  grows 
white,  and,  fet  upon  a burning  coal,  flies  off 
without  any  remarkable  arfenical  fmell. 

(m)  The  regulus  was  then  fix  times  fufed 
with  lime  and  borax  ; the  fcoria  hence  arifing 
refembled  the  hyacinth  in  colour  ; but  a green 
metallic  calx  furrounded  the  regulus,  which,  as 
before,  was  obedient  to  the  magnet,  and,  be- 
ing femiduclile,  broke  tenacioufly,  -shat  is,  the 
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broken  part  was  rendered  rough  by  extended 
threads. 

(n)  After  all  thefe  readings,  the  regulus  was 
expofed  during  fourteen  hours  to  a very  drong 
heat ; after  this  powdered  charcoal  was  added 
by  degrees,  without  any  difiipation  of  arfenic, 
or  lofs  of  weight : The  colour  of  the  roafted 
powder  was  ferruginous,  with  a very  weak  tinge 
of  green. 

(o  ) After  reduction,  a very  final!  globule,  dill 
magnetic,  was  found  among  the  fcorias,  which 
were  much  loaded  with  iron.  Of  this  globule 
we  {hall  fpeak  more  at  large  in  § iv.  1.  &c. 

§ iv.  Eliquation  of  the  Regulus  from  the  Ore  of 

Los  • 

The  nickel  ore  which  is  got  at  the  mines  at 
Los,  in  Helfing,  was  examined  and  depurated 
in  the  following  way  : 

(a)  The  roading  was  performed  in  the  ufual 
way. 

(T)  As  was  alfo  the  reduftion. 

(c)  The  regulus  was  then  calcined,  and  the 
powdered  charcoal  was  added  by  degi  ees,  until 
all  the  arfenical  frnoke  had  ceafed,  and  the  calx 
of  nickel  acquired  a deep  green  colour. 

(d)  This  being  reduced,  a magnetic  regulus 

was  obtained,  which  yet,  when  fufed  with  lime 

and 
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and  borax,  was  not  obedient  to  the  magnet,  and 
yielded  a fcoria  of  a deep  blue. 

(e)  Powder  of  charcoal  was  gradually  added, 
during  ten  hours,  to  a regulus  of  this  fort  fuffi- 
ciently  calcined,  (if  this  be  inftantly  done,  the 
reguline  particles  readily  coalefce),  by  which 
means  a quantity  of  arfenic  was  difperfed,  and  a 
ferruginous  powder,  of  a colour  approaching  to 
green,  remained. 

(f)  After  reduction  with  the  black  flux,  lime* 
and  borax,  the  fcorise  were  tinged  partly  with 
iron,  and  partly  too  with  the  nickel  ; the  white 
regulus  was  flrongly  attra&ed  by  the  magnet. 

(g)  But  afterwards,  though  phlogifton  was 
added  abundantly  to  the  mafs  in  the  difhes,  for 
the  fpace  of  fourteen  hours,  yet  neither  finoke 
nor  fmell  betrayed  any  fenfible  diffipation  of  ar- 
fenic, nor  was  the  weight  diminifhed  ; but,  on 
the  contrary,  it  was  increafed  ~ by  the  roaft- 
ing  ; the  metallic  ferruginous  calx  was  fcarcely 
green. 

(h)  After  the  reduction  the  regulus  was  femi- 
ductile  and  magnetic. 

(i)  This,  firft  fufed  with  lime  and  borax,  and 
afterwards  united  with  that  which  was  mention- 
ed in  the  preceding  (§  in.  o),  yielded  a white 
femidudtile  regulus  diftindt,  with  the  colour  of 
green  calx,  and  hyacinthine  fcorise. 

(k)  The  fame  regulus  was  fufed  with  ful- 
pliur,  and  one  half  its  weight  of  the  minerali- 

zed 
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zed  mafs,  imperfectly  roafted,  was  united  by 
fufion  with  a portion  of  the  crude  mineral. 
This  fulphurated  nickel,  well  calcined,  and  re- 
duced with  a double  quantity  of  black  flux, 
yielded  a regulus  obedient  to  the  magnet, 
which  was  nearly  as  refraCtory  in  the  fire  as 
forged  iron. 

As  fulphur  has  a flrong  attraction  for  nickel, 
I had  hopes,  that  this  mineralizing  fubftance, 
not  being  fufficient  to  faturate  both  the  nickel 
and  the  iron,  would  defert  the  latter,  and  ad- 
here to  the  former.  By  which  means,  the  iron 
entering  the  fcorias  might  be  eafily  feparated. 
The  following  paragraph  will  fhew  the  effeCt 
of  this  conjecture. 

§ v.  Nickel  depurated  by  Sulphuration. 

(a)  800  parts  of  the  regulus  of  Cronftedt 
(§  in.)  fufed  with  fulphur,  and  a fmall  quan- 
tity of  borax,  yielded  a mineralized  mafs  of  a 
reddifh  yellow,  amounting  to  1700. 

(bJ  One-half  of  this,  when  firfl  expofed  to 
fire  in  a roafting  difh,  began  to  grow  black, 
then  the  heat  was  increafed  until  vegetations 
arofe  ; the  metallic  calx  now  remaining  weigh- 
ed 652. 

(c)  This  half,  fufed  with  borax,  and  the  o- 
ther  part  not  burned,  yielded  a fulphurated  re- 
gulus 
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gul us  of  a whitifli  yellow  colour,  in  weight 

1 102. 

(d)  The  fame  regulus,  by  a calcination  which 
lafted  for  four  hours,  was  firlt  covered  with 
vegetations,  and  afterwards,  upon  the  addition 
of  powdered  charcoal,  diffufed  a continued  o- . 
dour  of  arfenic  5 the  weight  of  metallic  calx, 
which  was  of  a dilute  green,  was  1038. 

(e)  After  a redu&ion,  a whitifli  yellow  re- 
gulus was  found,  in  weight  equal  to  594,  femi- 
duftile,  highly  magnetic,  and,  at  the  fame  time 
exceeding  refractory. 

(f)  This  was  again  fufed  with  fulphur,  which 
being  done,  the  weight  was  equal  to  816;  one- 
half  of  which,  roafled  to  greennefs,  united  by 
means  of  fire  with  the  other,  flill  fulphurated, 
and  in  weight  509,  fcarcely  obeyed  the  mag- 
net. After  a calcination  of  four  hours,  during 
which,  by  means  of  the  phlogffton,  much  ar- 
fenic flew  off,  the  powder  put  on  an  afli-colour, 
a little  greenifh,  in  weight  569,  which  by  re- 
duction, yielded  a regulus  the  furface  of  which 
was  red,  and  which,  upon  breaking,  appeared 
of  a white  afh-colour,  very  friable,  equal  to 
452  ; the  fpecific  gravity  of  which  was  7,1730. 

(g)  The  regulus,  mineralized  a third  time 
with  fulphur,  was  treated  in  the  fame  way  as 
before  with  powder  of  charcoal,  fo  long  as  any 
veftiges  of  arfenic  remained,  which  required  a 
vehement  calcination  for  twelve  hours.  The 

• powder 
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powder  then  remaining  was  of  an  afh-green  cor 
lour,  and  weighed  364 ; but,  the  regulus  ob- 
tained by  means  of  a reduction,  effected  by  ex- 
pofure  to  a moft  violent  heat  in  a forge  for 
three-quarters  of  an  hour,  was  fo  refradtory 
that  it  only  adhered  imperfectly  to  the  fcoriae, 
which  were  of  a diftindt  hyacinthine  colour  ; nor 
could  it  be  reduced  to  a globule  by  the  addition 
pf  borax,  though  urged  by  the  lame  vehemence 
of  fire.  The  abfolute  gravity  of  this  regulus 
was  180,  but  its  fpecific  gravity  8,6666;  and 
it  not  only  adhered  ftrongly  to  the  magnet,  but 
to  any  other  piece  of  iron,  nay  the  fnrall  pieces 
of  it  attracted  one  another ; it  was  befides  fo 
dudtile,  that  from  a globule,  whofe  diameter 
did  not  exceed  one  line,  a plate  of  three  lines 
in  diameter  and  upwards,  might  be  obtained  by 
the  hammer  : It  was  of  a whitifh  colour,  mix- 
ed with  a glittering  kind  of  red  : Diffolved  in 

volatile  alkali,  it  yielded  a blue  colour,  and  in 
nitrous  acid  a full  green. 

One  hundred  parts  of  the  fame  regulus, 
beaten  out  into  thin  plates,  after  a calcination 
of  four  hours,  were  covered  with  a cruft  in  ap- 
pearance martial,  under  which  was  a green 
powder,  and  within  a nucleus,  conftfting  of  re- 
guline  particles  unchanged  : The  weight  was 

jncreafed  by  5.  The  friable  matter,  reduced  to 
powder,  put  on  a brownifh  green  colour,  and 
after  a calcination  of  four  hours  more,  concret- 
ed 
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ed  at  the  bottom  in  the  form  of  a friable  black- 
i(h  cruft,  which  was  ftrongly  magnetic,  and 
weighed  100.  The  cruft  was  afterwards  com- 
minuted, and  roafted  for  three  hours,  with  the 
addition  of  powdered  charcoal,  yet  neither  were 
any  veftiges  of  arfenic  difcovered,  nor  was  the 
magnetic  power  deftroyed  ; but  the  weight  was 
now  105,  and  the  colour  little  changed.  This 
powder,  fufed  for  an  hour  with  lime  and  borax, 
yielded  a regulus  of  72  lb. : This  was  red,  an- 
gular, femiduftile,  and  altogether  magnetic  : 
The  fpecific  gravity  of  it  was  3,8750.  The 
fame  globule,  diffolved  in  aqua  regia,  was  in- 
deed precipitated  by  martial  vitriol,  as  if  loaded 
with  gold ; but  the  fediment  was  very  eafily  fo- 
luble  in  nitrous  acid  ; hence  it  appears  not  to  be 
gold.  But  moft  of  the  reguli  which  we  obtain- 
ed, (hewed  no  figns  of  precipitation  with  mar- 
tial vitriol  : Hence  it  clearly  appears,  that,  even 
if  gold  be  fometimes  prefent,  yet  it  is  not  al- 
ways the  cafe. 

(h)  800  parts  of  the  ore  of  nickel,  which  is 
found  in  Saxony  at  Johan  Georgenftadt,  roaft- 
ed for  fourteen  hours,  and  freed  as  much  as 
poftible  from  arfenic,  by  means  of  powdered 
charcoal,  loft  248  of  their  weight.  After  re- 
duction, and  the  firft  mineralization  performed 
in  the  ufual  way,  it  was  remarkable,  that  the 
latter  fulohurated  regulus,  which,  before  calci- 
nation, weighed  230,  afterwards  was  equal  to 

d 4 242  ; 
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242  ; and,  after  another  fulphuration  of  the 
fame  kind  in  the  lad  calcination,  had  its  weight 
increafed  from  70  to  78.  The  regulus  lad  ob- 
tained was  equal  to  22,  obedient  to  the  magnet, 
poffeffing  a fpecific  gravity  of  7,3333,  and  yield- 
ing with  borax  an  hyacinthine  glafs : It  was 
with  difficulty  calcined,  but  at  length  fell  into  a 
greenifh  powder,  and  with  nitrous  acid  yield- 
ed a folution  of  the  fame  colour. 

(1)  The  procefs  of  mineralization  and  calci- 
nation deferibed  in  (h),  was  repeated  with  100 
parts  of  the  ore  of  Los,  and  that  without  any 
increafe  of  weight.  The  regulus  finally  obtain- 
ed was  in  abfolute  gravity  1,  in  fpecific  gravity 
about  8 ; it  tinged  borax  of  an  hyacinthine  yel- 
low, and  nitrous  acid  of  a green  colour. 

§ vi.  Nickel  depurated  by  Hepar  Sulphuric. 

As  it  appears  from  experiment,  that  cobalt  is 
more  eafily  diffolved  than  nickel,  by  hepar  ful- 
phuris,  and  that  thefe  fubdances  may  thus,  to  a 
certain  degree,  be  feparated  in  the  fire,  a fufpi- 
cion  arofe,  that  unequal  degrees  of  affinity  might 
produce  the  fame  effedt  with  iron  and  nickel. 

(a)  58  parts,  therefore,  of  regulus  of  nickel, 
which  had  before  been  fulphurated,  (§  v.  g.% 
fufed  with  1800  of  faline  hepar  fulphuris,  then 
diffolved  in  warm  water,  filtered  through  paper, 
and  precipitated  by  an  acid,  yielded  a powder. 
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which,  roafted  in  a difh  till  the  fulphur  was 
confumed,  was  found  of  an  afh-colour,  and 
weighed  35. 

(b)  The  refiduum,  which  could  not  be  dif- 
folved  in  warm  water,  being  freed  from  fulphur 
by  means  of  fire,  was  alfo  of  an  afh- colour,  and 
weighed  334. 

(c  J This  refiduum,  reduced  by  the  black  flux, 
yielded  a friable  regulus,  which  was  indeed  but 
Jjttle  magnetic,  yet,  when  fufed  again  with  bo- 
rax, exerted  that  property  (which  had  before 
been  weakened  by  the  fulphur)  in  a higher  de- 
gree. 

(d)  The  fame  experiment  was  tried  with  a 
calcareaus  hepar,  according  to  the  direction  of 
ly'Ir  Beaume,  viz.  calx  of  nickel,  gypfum,  co- 
lophony,' and  white  flux,  were  taken  in  equal 
proportions  : Thefe,  mixed  and  fufed,  yielded 
a powdery,  fquamous,  reguline  mafs,  which, 
when  fufed  with  borax,  produced  a regulus 
poflefling  the  properties  of  nickel,  (but  not  en- 
tirely deflitute  of  cobalt),  which  obeyed  the 
magnet,  and,  even  after  two  folutions  in  nitrous 
acid,  and  various  reduftions  by  fufion  with  bo- 
rax, did  not  part  with  its  iron  ; it  alfo  retained 
the  fulphur  obflinately. 

(e)  Regulus  of  nickel  was  dilfolved,  in  the 
via  ficca,  by  a faline  hepar  fulphuris  ; and,  up- 
on the  addition  of  a quantity  of  nitre,  fufficient 
only  to  deftroy  a fmall  part  of  the  hepar,  the 

reguluss 
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regulus,  which  had  been  fufpended  by  it,  was 
feparated,  and  fell  to  the  bottom.  This  regulus 
of  nickel,  upon  examination,  appeared  more 
pure,  and  generally,  at  lead  for  the  mod  part, 
deprived  of  cobalt,  but  dill  containing  iron.  In 
like  manner  nickel  is  always  very  didindly  pre- 
cipitated  by  regulus  of  cobalt,  as  this  latter  is 
attraded  more  powerfully  by  the  hepar  ful- 
phuris. 

Nickel  diffolved  by  faline  hepar  fulphuris  in 
fudon,  may  be  precipitated  by  the  addition  of 
iron,  copper,  tin,  or  lead,  and  even  by  cobalt. 
The  regulus  obtained  is  fcarcely  ever  attraded 
by  the  magnet ; but,  whoever  concludes  from 
thence  that  no  iron  is  prefent,  will  be  deceived ; 
for  this  metal,  (the  regulus  of  nickel),  when 
properly  freed  from  the  heterogeneous  matters 
which  impede  its  adion,  acknowledges  the  mag- 
net's power  very  plainly. 

§ vii.  Nickel  depurated  by  Nitre. 

i 

Finally,  Nitre,  which  attrads  phlogidon  more 
powerfully  than  any  other  fubdance  hitherto 
known,  was  employed  ; it  was  hoped  that  this 
would  more  eadly  fcorify  the  heterogeneous 
matters,  becaufe  nickel  feems  both  to  lofe  its 
phlogidon  more  flowly,  and  to  recover  it  more 
quickly,  than  thofe  matters. 


(a)  One 
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(a)  One  part  of  Cronftedt’s  regulus  was  add- 
ed to  twelve  of  nitre,  ignited  in  a crucible, 
and  kept  in  an  equable  degree  of  heat  for  the 
fpace  of  an  hour  ; at  firft  fome  weak  flafhes  ap- 
peared, probably  from  the  refiduum  of  the  ful- 
phur ; afterwards  a large  quantity  of  arfenic  was 
thrown  out ; finally,  the  fides  were  covered  with 
a blue  cruft,  occafioned  by  the  cobalt,  and  a 
green  matter  remained  at  the  bottom.  I his 
fufed  again  for  an  hour,  with  twelve  parts  of 
nitre,  tinged  the  internal  fides  of  the  veflel  of 
a green  colour  ; and,  finally,  a brownilh  green 
mafs,  much  lefs  in  quantity  than  in  the  for- 
mer operation,  was  found  collected  at  the  bot- 
tom. 

The  green  matter,  treated  in  the  fame  way  a 
third  time,  for  two  hours,  left  a grey  fcoria  at 

the  bottom,  which,  with  black  flux,  yielded  no 

- * 

regulus. 

Another  portion  of  the  fame  regulus,  fufed 
with  nitre  in  the  fame  way,  was  diflolved,  and 
became  green  ; yet,  being  freed  from  the  alka- 
line fait  by  means  of  water,  neither  did  this 
yield  any  regulus  with  black  flux,  but  fcorise 
of  an  hyacinthine  colour,  mixed  with  blue; 
which  tinged  nitrous  acid  of  a green  colour, 
concreted  into  a jelly,  and,  upon  evaporation, 
left  behind  a greeniih  calx. 

(b)  Another  portion  of  Cronftedt’s  regulus 
*vas  kept  fome  hours  in  the  crucible,  with  fix- 

teen 
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teen  parts  of  nitre  ; by  this  means,  at  firft,  all 
the  arfenic  was  feparated,  then  the  phlogiftica- 
ted  nitrous  acid  flew  off,  and,  finally,  blueifh 
green  flowers  penetrated  the  fides  of  the  veffel. 
The  mafs  being  freed  from  alkali  by  water,  and 
dried,  was  of  a dilute  green,  and  tinged  borax 
of  a greenifh  brown. 

This  was  again  treated  in  the  fame  way  with 
12  parts  of  nitre;  and,  after  edulcoration,  yield- 
ed a powder  flill  green,  which,  reduced  with  -i- 
black  flux,  y lime,  and  -g-  borax,  in  half  an  hour 
yielded  a yellowifh  white  regulus,  both  magne- 
tic and  malleable,  and  pofleffing  all  the  proper- 
ties of  nickel  ; its  fpecific  gravity  was  9,000. 
The  inflammable  ingredient  was  ufed  in  fmall 
quantity,  that,  if  poffible,  the  iron  might  enter 
the  fcoriae. 

(c)  One  part  of  the  ore  of  Los  was  ftrongly 
ignited  in  a crucible,  for  the  fpace  of  an  hour, 
with  eight  parts  of  nitre,  and  a detonation  more 
diftinft  than  with  the  regulus  took  place  at  firft. 
The  metallic  calx,  which  was  feparated  from  the 
faline  matter  by  water,  was  of  a brown  ferrugi- 
nous colour,  fimilar  to  that  which  is  wont  to  re- 
main after  calcination  with  charcoal-duft.  I his, 
by  redu&ion,  yielded  an  afhen-white  regulus, 
tenacious  and  magnetic,  of  the  fpecific  gravity 
8 ,5573;  The  fcoriae  were  black.  The  regulus, 
reduced  to  powder,  and  l'ufed  with  1 2 parts  of 
nitre,  loft  much  cobalt,  and  yielded  a green 
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calx,  which,  on  reduction  with  double  its  weight 
of  black  flux,  and  ^ quick-lime  and  borax,  left 
nothing  but  diftind  globules  of  nickel,  tenaci- 
ous and  magnetic. 

(n)  One  part  of  Cronfledt’s  regulus  was  fu- 
fed  for  three  hours,  with  eight  parts  of  nitre,  in 
a crucible,  to  the  cover  of  which  an  open  glafs 
tube  was  fo  adapted,  that  the  afcending  vapour 
might  be  collected  there.  The  operation  being 
finifhed,  white  arfenic  was  found  in  the  upper 
part  of  the  tube ; but,  in  the  lower,  a powder 
of  a brown  afh-colour,  a little  green,  which  tin- 
ged borax  of  an  hyacinthine  colour,  and  yield- 
.ed  a regulus  fo  loaded  with  arfenic  as  not  to  be 
magnetic.  The  Tides  of  the  crucible  were  blue; 
but  the  faline  green  mafs  at  the  bottom,  on  e- 
lixation,  deposited  a green  calx,  which  was  kept 
ignited  with  12  parts  of  nitre  for  the  fpace  of 
an  hour,  and  became  partly  blue,  partly  green  : 
But,  afterwards,  when  only  i of  the  green  refi- 
duum  was  treated  in  the  fame  way,  the  whole 
appeared  blue  ; yet  the  green  refiduum  was  dif- 
folved  in  nitrous  acid,  and  rendered  borax  of  an 
hyacinthine  colour  ; fo  that  it  confided  of  nickel 
furrounded  by  a blue  cruft. 

(E)  As  the  experiments  above  related  fhew, 
by  means  of  nitre,  the  fmalleft  traces  of  cobalt, 
which  otherwife  would  be  completely  latent,  I 
examined  the  various  nickoline  produds  in  difli- 
es, with  the  addition  of  nitre,  under  the  dome 
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of  an  aSSay  furnace : Namely,  iff,  The  regulus* 
(§  iv.  i.)  which  was  a little  blue.  2d,  The 
regulus,  previoufly  diflblved  in  volatile  alkali, 
(§  x.  a.)  which  manifefted  a considerable  quan- 
tity of  cobalt  that  had  lain  hid  before.  3d,  The 
regulus,  previoufly  fulphurated,  which  affumed 
a blueifh  pellicle.  4th,  The  globules  (c J,  which 
fent  forth  a copious  quantity  of  blue  flowers. 
5th,  The  fublimate  of  the  preceding  article  (d), 
which  {hewed  exceeding  weak  Signs  of  a blue. 
And,  finally,  6th,  The  hyacinthine  fcoriae  of  nic- 
kel, which  were  of  a beautiful  blue,  yet  contain- 
ed fo  little  cobalt  that  all  the  colour  could  be 
difcharged  from  the  glafs  of  borax  tinged  by  it, 
by  means  of  the  blow-pipe ; which  yet,  on  the 
addition  of  a fmall  quantity  of  nitre,  becomes 
blue : For  the  nature  of  metallic  calxes  is  fuch, 
that  they  tinge  glafs  the  more  deeply,  as  they 
are  more  Spoiled  of  phlogiffon;  and,  on  the  con- 
trary, when  they  recover  their  principle  of  in- 
flammability to  a certain  degree,  all  tinge  va- 
nishes. The  former  of  thefe  effe£s  may  be  pro- 
duced by  nitre,  the  fecond  by  fufion  on  char- 
coal, provided  the  calx  be  fo  fmall  in  quantity, 
and  fo  greedy  of  phlogifton,  as  to  be  Saturated 
by  it  from  the  coal ; otherwife  thefe  hyacinthine 
Scoriae  tinge  acids  of  a green  colour,  and  are 
precipitated  like  nickel  by  phlogiflicated  alkali. 
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§ vm.  Nickel  depurated  by  Sal  Ammoniac. 

% 

As  iron  is  eafiiy  fublimed  by  means  of  fal 
ammoniac,  it  was  tried,  in  the  following  man- 
ner, whether  nickel  could  by  this  method  be 
freed  from  iron. 

(a)  A calx  of  nickel,  fo  much  freed  from 
cobalt  as  not  to  tinge  borax  with  the  flighted: 
blue,  was  mixed  with  double  its  weight  of  fal 
ammoniac,  put  into  a cucurbit  covered  with  an 
head,  and  expofed  to  a fire  gradually  increafed 
until  the  glafs  grew  red.  The  bottom  was  flam- 
ed with  a very  deep  hyacinthine  colour,  and 
exhaled  flowers,  which  adhered  to  the  Aides ; 
thefe  were  partly  afh-coloured,  and  partly  white; 
which  laft  did  not  rife  fo  high  as  the  former. 

The  refiduum  exhibited  two  ftrata,  the  upper 
of  which  was  yellow,  fquamous,  and  fhining, 
like  aurum  mofaicum.  It  yielded  with  borax 
an  hyacinthine  glafs,  but  no  regulus  : After  a 
few  days  it  liquefied  in  the  air,  acquiring  the 
confidence  of  butter,  and  a green  colour.  This 
refiduum,  with  warm  water,  flhewed  the  fame 
properties  and  colour  as  calx  of  nickel ; and  the 
folution,  which  was  green,  became  blue  with 
volatile  alkali,  but,  with  tintture  of  galls, 
fhewed  no  veftiges  of  iron  ; a circumftance 
which  alfo  took  place  in  the  flowers. 

The  inferior  ftratum  contained  a calx  of  nic- 
kel not  yet  converted  into  vegetations,  and 
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fomewhat  contaminated  with  marine  acid.  The 
colour  was  blackifli ; and,  at  the  bottom,  of  a* 
ferruginous  biown.  With  borax  it  yielded  an 
hyacinthine  glafs,  and  a friable  regulus  of  a 
reddifh  white,  and  fcarcely  magnetic. 

(b)  A part  of  the  inferior  ftratum  (a),  fu- 
blimed  with  double  its  quantity  of  fal  ammoni- 
ac, with  the  fame  degree  of  heat  as  before, 
(which  precife  degree  was  employed  in  the  fol- 
lowing), yielded  an  hemifphere  of  an  hyacin- 
thine colour,  and  flowers  of  a very  fine  white  5 
but  the  refiduum  was  of  a ferruginous  brown, 
greenilh  on  the  upper  part  towards  the  Tides  of 
the  veflel. 

(c)  To  a portion  of  the  inferior  ftratum  re- 
duced, was  added  20  parts  of  fal  ammoniac, 
which  were  fublimed  in  a retort ; a blackifli 
powder  remained,  which,  as  well  as  the  bottom 
of  the  veflel,  by  calcination,  put  on  a green, 
and,  by  fcorification,  an  hyacinthine  colour. 

(d)  To  the  powder  remaining  (c),  was  added 
a double  quantity  of  fal  ammoniac,  which  was 
again  fublimed  extremely  white,  and  the  green- 
ifli  mafs  which  remained  was  of  a ferruginous 
brown  at  the  lower  part. 

(e)  Sublimation  was  performed  with  the  re- 
fiduum  of  (d)  and  a double  quantity  of  fal  am- 
moniac, and  yielded,  as  before,  exceeding  white 
ammoniacal  flowers  ; and  the  refiduum,  which 
was  very  green,  was  altogether  like  a calx  of 
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nickel  diffolved  with  the  fame  colour  in  nitrous 
acid,  and,  by  reduction,  yielded  a regulus  of 
nickel,  white,  brittle,  and  very  little  magnetic. 

In  each  fublimation  the  volatile  alkali  rofe 
firft,  then  fal  ammoniac,  and,  finally,  a portion 
of  marine  acid  came  over  into  the  receiver. 

§ ix.  Nickel  depurated  in  the  Humid  Way  by 
t Nitrous  Acid . 

c* 

After  fo  many  experiments  made  by  the  via 
ficca,  many  others  were  tried  in  the  way  of  fo- 
lution,  beginning  with  the  cryffalized  fait, 
(which,  being  compofed  of  nitrous  acid  and 
nickel,  fhall  be  called  nitrated  nickel)  by  which* 
if  poffible,  the  iron  being  dephlogifticated* 
would  feparate  from  its  menftruum. 

(a)  Nitrated  nickel,  fprinlded  during  calci- 
nation with  charcoal-duft,  fent  forth  a large 
quantity  of  arfenic,  and,  after  redudtion,  yield- 
ed a regulus,  grey,  femi-duftile,  and  magnetic. 

(b)  This  being  again  diffolved  in  nitrous 
acid,  precipitated  by  fixed  alkali,  and  reduced, 
yielded  a brittle  regulus. 

(c)  The  fame  being  a third  time  diffolved, 
yielded  a regulus  femi-du&ile  and  magnetic.- 

(d)  This  operation  was  repeated  a fourth 
time. 

(e)  The  regulus,  when  diffolved  a fifth  time, 
was  fo  much  diminifhed,  that  the  white  calx 
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obtained  by  precipitation  could  not  be  any  far* 
ther  examined. 

In  all  thefe  folutions  a blackifh  refiduum  pre- 
fented  itfelf,  which,  when  fuffered  to  remain  in 
the  acid,  grew  white  by  degrees ; but,  when 
edulcorated,  and  laid  on  a burning  coal,  exha- 
led a fulphureous  fmoke,  and  left  a black  pow- 
der foluble  in  nitrous  acid. 

§ x.  Nickel  Depurated  by  Means  of  Volatile 

Alkali. 

In  order  to  difcover  the  effed  of  cauftic  vo- 
latile alkali  in  depurating  nickel,  a portion  of 
the  regulus  of  Cronltedt,  dillolved  in  nitrous 
acid,  precipitated  by  fixed  alkali,  edulcorated, 
and  dried,  was  treated  in  the  following  man- 
ner : 

(a)  487  parts  of  this  calx,  immerfed  in  a fu- 
perabundance  of  volatile  alkali,  after  twenty- 
four  hours,  yielded  a refiduum  = 50,  of  a 
blackilh  green,  and  a folution  of  a blue  colour, 
which,  when  filtered  and  inipiflated  to  drynefs, 
yielded  a powder  of  a light  blue  colour  = 282  : 
This,  reduced  with  black  flux,  produced  a re- 
gulus, white,  femidudile,  and  highly  magne- 
tic, = 35,  and  whofe  fpecific  gravity  was  7,0000. 
The  fcoria  which  remained  was  a light  red,  but, 
mixed  with  borax,  put  on  an  hyacinthine  co- 
lour, which  yielded  a regulus  = 30.  This  re- 
gulus,. 
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gulus,  united  with  the  former  by  means  of  fire$ 
was  very  refractory,  fo  that,  even  with  the  ad- 
dition of  borax,  it  could  not  be  fufed  by  the 
blow-pipe.  During  calcination,  with  an  abun- 
dant addition  of  charcoal-duft,  it  did  not  fend 
forth  a frnell  either  arfenical  or  fulphureous.  Iii 
a following  reduftion  it  yielded  an  hyacinthine 
fcoria,  and  the  remaining  flocculi,  diflolved  in 
nitrous  acid,  formed  a very  green  folution, 
which,  upon  addition  of  volatile  alkali,  let  fall 
a powder  of  the  fame  colour. 

(b)  From  50  parts  of  the  blackifh  green  re- 
fiduum  was  obtained  a regulus  of  a clear  white 
colour,  brittle,  fquamous,  but  little  .magnetic* 
= 13,  and  of  a fpecific  gravity  ==  9,33.33*  A 
fcoria  of  an  obfcurely  blue  colour,  the  upper 
part  of  it  hyacinthine,  was  found  at  the  bottom 
of  the  veflel.  The  regulus  was  eafily  fufedj 
and  tinged  borax  firft  of  a blue,  then  of  an  hy- 
acinthine colour,  upon  which  it  grew  more 
flrongly  magnetic.  By  the  afliftance  of  heat  it 
diifolved  in  nitrous  acid,  and  was  of  a beautiful 
blue.  During  this  folution  a black  powder  ap- 
peared, which  firft  floated  like  flocculi,  but  be- 
came white,  and  fell  to  the  bottom ; and,  after 
edulcoration,  being  expofed  to  the  fire,  wasj 
for  the  moft  part,  diflipated  with  a fulphureous 
frnell  j but  there  (till  remained  at  the  bottom  a 
little  mafs  of  a brown  colour,  foluble  in  vola- 
tile alkali.  This  folution  was  precipitated  by 
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phlogidicated  alkali,  and  a powder  thrown 
down  of  the  colour  of  calx  of  nickel ; this  foon 
grew  blue  with  volatile  alkali. 

Hence,  therefore,  it  appears,  that  nickel  is 
eafily  and  totally  diffolved  in  the  volatile  alka- 
li, unlefs  the  efficacy,  of  the  mendruum  be  ob- 
ftruded  by  the  prelence  of  fulphur. 

5 xi.  Nickel  can  fcarcely  be  obtained  in  a State 
of  perfect  Purity. 

Upon  confidering  all  the  experiments  above 
related,  it  eafily  appears,  that  it  is  fcarcely  pof- 
fible  to  obtain  a perfect  and  compleat  purifica- 
tion of  nickel,  from  all  heterogenous  mixture, 
by  any  means,  at  lead  hitherto  known.  The 
fulphur  is  with  difficulty  expelled  by  calcina- 
tions and  folutions ; (§  in.  l ; ix.  and  x.)  ; arfe- 
nic  adheres  dill  more  drongly  (§  ur.  and  iv.), 
but  by  means  of  charcoal-dud  and  nitre  is  entirely- 
expelled  : ( § hi.  n.  vii.  b.)  : Cobalt  adheres  the 
mofl:  perdnacioufly  of  all,  for  by  the  addition  of 
nitre  its  prefence  has  been  deteded  even  in  pro- 
duds,  where  it  could  not  by  any  other  method. 
No  doubt  its  quantity  had  been  fo  much  dimi- 
nifhed  by  the  nitre,  that  in  folution  it  was  total- 
ly imperceptible,  (§  vn.  d.),  would  fcarcely 
tinge  borax,  and  the  tinge  which  is  communi- 
cated is  difcharged  with  the  blow-pipe,  by  the 
phlogidon  of  the  charcoal  j all  which  circum- 

ftancee 


OF  NICKED 


26 i . 


Hances ; (as  the  colour  of  cobalt  is  very  rich)  de-* 
monftrate  its  being  prefent  in  exceedingly  fmall 
quantity:  (§  vii.  e.)  : But  I am  the  rather  irr- 
dined  to  think,  that  even  this  fmall  portion  may 
be  feparated ; becaufe  it  is  certain  that  the  laft 
productions  of  the  blue  colour  are  not  to  be  a- 
lcribed  to  cobalt,  but  to  manganefe,  as  we  fhall 
demonflrate  more  clearly  hereafter  ; ( § xn.)  ; 
yet  in  practice  the  reparation  is  extremely 
troublefome  ; for  thefe  reliquiae,  extracted  by 
the  nitre,  envelop  the  nickel  itfelf  (which  in 
this  operation  becomes  very  fpongy)  and  adhere 
fo  clofely  to  it,  that  mechanically  they  cannot 
poffibly  be  feparated,  and  fcarcely  by  menftrua, 
as  both  the  fubftances  are  thereby  diffolved  : 
By  fire  too  they  enter  the  fcorim  ; at  leaft  in 
thefe  two  methods  fo  little  difference  is  difcer- 
nible,  that  unlefs  a large  quantity  together  be 
fubjedfed  to  the  operation,  all  the  nickel  vani- 
flies  together  with  the  cobalt. 

In  the  prefent  cafe  then  the  iron  alone  re- 
mains, and  the  quantity  of  this  cannot  be  dimi- 
nifhed  beyond  certain  limits ; the  magnet  readi- 
ly difcovers  its  prefence,  and  not  only  the  regu* 
li,  tried  in  different  ways,  readily  adhere  to  it, 
but  fome  of  them  actually  acquire  a magnetic 
power,  f§  v,  o.),  a circumftance  highly  worthy 
of  obfervation  : But  the  tenacity  and  difficulty 
of  fufion,  which  increafe  the  more  as  the  opera- 
tions are  longer  continued  upon  the  nickel, 

plainly 


262  OF  NICKEL. 

plainly  fhew  that  no  hope  remains  of  feparating 
the  iron  ; fo  that  neither  the  fcorifications,  nor 
the  fal  ammoniac  (§  vin.),  nor  the  nitre,  nor 
the  nitrous  acid  (§  ix.),  nor,  finally,  the  volatile 
alkali  (§  x.),  have  effected  this  pfirpofe  *,  altho’ 
Juncker  fays,  that  nitre  attacks  iron  fo  power- 
fully, that,  from  a pound  of  fteel  filings,  deto- 
nated with  an  equal  quantity  of  nitre,  then  fu- 
fed  and  elixated,  no  more  than  half  an  ounce  of 
crocus  is  obtained. 

Befides  thefe  heterogeneous  matters,  bifmuth 
is  alfo  fometimes  prefent ; but  this  is  very  eafily 
feparated  ; for,  if  the  folutions  made  in  acids  be 
fufficiently  diluted  with  water,  the  menftruum 
is  fo  much  weakened,  and  the  calx  of  bifmuth 
falls  to  the  bottom  like  a white  powder. 

-§  xii.  Whether  Nickel  be  a dijlincl  Metal. 

It  may  now  be  properly  inquired,  whether 
nickel  be  a diftindl  metal,  or  whether  it  be  a 
mixture  made  , by  the  hands  of  Nature,  from 
others  intimately  united  ? — We  have  already 
■obferved  that  arfenic,  copper,  cobalt,  and  iron, 
have  been,  by  various  authors,  confidered  as  its 
proximate  principles. 

With  refpect  to  arfenic,  we  may  very  fafely 
exclude  it  from  the  number,  as  the  experiments 
above  defcribed  {hew  that  it  may  be  entirely  ex- 
it 
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It  cannot  be  doubted  but  that  copper  is  pre- 
fent  in  fome  ores  of  nickel,  and,  therefore,  may 
eafily  be  mixed  with  the  regulus ; but  the 
greater  number  are  entirely  without  it.  It  is 
true  that  nickel  is  totally  foluble  in  volatile  ql- 
kali,  and  that  this  folution  is  of  a blue  colour 
{§  x.  b.)  ; but,  if  this  argument  held,  there 
would  be  nothing  found  here  but  copper  ; and, 
if  this  were  the  cafe,  very  different  phaenomena 
woulcl  appear  from  thofe  which  the  nickel  pro- 
duces. That  both  thefe  fubftances  form,  with 
volatile  alkali,  folutions  of  the  fame  colour,  no 
more  proves  the  identity  of  thefe  fubftances, 
than  does  the  yellownefs  of  the  folution,  both 
of  gold  and  iron,  in  aqua  regia,  prove  the  iden- 
tity of  thofe  metals.  Nickel  and  copper  agree 
alfo  in  this  property,  that  they  are  both  preci- 
pitated from  acids,  and  from  volatile  alkali,  by 
iron  ; but  in  the  manner  of  this  precipitation  a 
confiderable  difference  appears.  Let  a piece  of 
polifhed  iron  be  plunged  into  a folution  of  nic- 
kel, and  a yellow  pellicle  of  nickel  will,  by 
degrees,  adhere  to  it  ; which  difappears  upon 
touching,  and  foon  grows  black,  unlefs  the  acid 
be  well  faturated,  or  fufficiently  diluted  with 
water.  A fimilar  precipitation  is  obferved  if 
zinc  be  ufed  inftead  of  iron  ; but,  in  folution  of 
copper,  fo  much  diluted  that  the  precipitation 
on  iron  may  be  nearly  fimilar  to  that  of  nickel, 
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zinc  is  immediately  covered  with  a cruft  of  the 
colour  of  mountain  brafs. 

The  experiments  above  defcribed  fufficiently 
fhew  that  cobalt  does  not  belong  to  the  eflence 
of  nickel  (§  x.  xm.  k.);  yet  to  thefe  we  fhall 
add  the  following  : — Nickel,  diffolved  in  hepar 
fulphuris,  is  precipitated  by  cobalt : With  what 
juftice  then  can  we  affirm  them  to  be  one  and 
the  fame  ? In  the  fame  way,  nickel  tinging  bo- 
rax, or  microcofmic  fait,  in  the  via  ficca,  is 
thrown  down  by  the  addition  of  a proper  quan- 
tity of  copper  ; but  this  is  not  the  cafe  with  co- 
baltv  Thefe  circumftances  are  fo  remarkable, 
as  of  themfelves  to  banifli  all  doubt.  But,  with 
the  acids,  a remarkable  difference  conftantly 
occurs: — ift,  Cobalt  tinges  all  thefe  menftrua 
of  a red  colour,  and  yields  cryftals  either  of  a 
yellow  or  blueifh  red ; but  nickel  produces  fo- 
lutions  and  concretions  of  a fine  green;  it  fome- 
times  happens,  indeed,  that  the  red  folutions 
yield  greenilh  cryftals  ; but  this  is  to  be  attri- 
buted to  nickel  mixed  in  fmall  proportion  with 
the  cobalt.  2d,  Cobalt,  united  with  marine 
acid,  affords  a fympathetic  ink ; but  depurated 
nickel  does  not.  3d,  Cobalt,  diffolved  in  vola- 
tile alkali,  is  red ; but  nickel,  diffolved  in  the 
fame  alkali,  is  blue.  4th,  Cobalt  does  not,  like 
nickel,  feparate,  upon  the  addition  of  arfenical 
acid,  a powder  difficultly  foluble.  Many  other 
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points  of  difference  there  are,  which  may  be 
pafled  over  in  filence. 

Iron,  therefore,  only  remains ; and,  indeed, 
there  are  many  and  weighty  reafons  which  in- 
duce us  to  think  that  nickel,  cobalt,  and  man* 
ganefe,  are  perhaps  to  be  confidered  in  no  other 
light  than  modifications  of  iron. 

And  firft, — in-general,  we  obferve,  that  un- 
equal portions  of  phlogifton,  united  to  the  fame 
iron,  change  its  qualities  in  a remarkable  man- 
ner : For  inftance,  How  very  much  do  the  dif- 
ferent kinds  of  iron  and  heel  differ?  It  is  then 
to  be  obferve-d,  that  nickel,  cobalt,  and  manga- 
nefe,  whatever  operations  they  may  be  fubjedled 
to,  are  fo  far  from  being  deprived  of  iron,  that, 
on  the  contrary,  they  thereby  become  more 
dudtile,  magnetic,  and  refra&ory.  Again,  the 
various  colours  which  nickel,  cobalt,  and  man- 
ganefe,  exhibit,  both  by  folution  and  by  fire, 
are  alfo  exhibited  by  iron.  Cobalt  and  manga- 
nefe  occafion  a red  colour  in  acids,  and  the  lat- 
ter in  glafs  ; nickel  and  manganefe  occafion  an 
hyacinthine  colour  when  fufed  with  borax  ; a 
green  is  produced  in  acids  by  nickel,  as  alfo  by 
its  calx,  and  by  manganefe  (mJ,  when  long  and 
flrongly  calcined  ; and  it  ofren  leaves  behind  a 
fcoria  of  the  fame  colour,  if  the  reduction  be 
performed  with  a faline  flux.  Finally,  cobalt 
pccafions  a blue,  or  rather  a violet  colour  in 

glafs  \ 
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glafs;  and  the  fame  is  true  of  manganefe  dif- 
folved  in  fixed,  and  nickel  in  volatile  alkali. 

Iron,  too,  exhibits  all  thefe  varieties ; for  the 
acids  take  up  this  metal  of  a green  colour,  fo 
long  as  it  contains  a certain  quantity  of  phlo- 
gifton ; but,  in  proportion  to  the  diminution  of 
this  principle,  a yellow,  a red.  or  a brownifli 
red  colour  is  produced.  It  tinges  glals,  in  the 
fame  manner,  green  yellow,  black,  or  red.  If 
expofed  to  the  fire  for  many  hours  together, 
with  nitre,  the  bottom  and  fides  of  the  crucible, 
it  is  true,  tranfude  faline  flowers,  either  blue, 
greenifh  blue,  or  greenifh  purple  ; but  an  efflo- 
refcence  of  the  fame  kind  is  occafioned  by  nitre 
alone  ; for  this  fait,  by  a long  continued  fire, 
penetrates  the  veffels,  and  immediately  upon 
contaft:  of  ignited  phlogifton  is  decompofed, 
and  the  alkaline  efflorefcences  are  made  blue  by 
the  manganefe,  which  is  always  prefent  in  the 
circumjacent  allies;  thefe  verge  more  to  a green, 
in  proportion  as  the  crocus  martis  is  more  co- 
pious ; befides,  iron  itfelf  is  often  found  mixed 
with  manganefe. 

From  hence,  therefore,  it  appears,  that  the 
blue  flowers,  which  were  expelled  from  nickel 
by  means  of  nitre,  are  the  produce  of  manga- 
nefe, as  thefe  impart  to  glafs  nothing  of  the  co- 
balt colour ; befides,  in  the  mineral  kingdom, 
we  find  the  nephritic,  fmegmatic,  ferpentine 
{lones,  and  jafpers,  clays  called,  from  their  co- 
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lour,  ierres  verdes , and  other  green  hones,  lapis 
lazuli , native  Pruffian  blues,  and  other  blue 
hones,  together  with  many  diverfities  of  yellow 
and  red,  all  deriving  their  colour  from  iron. 

Whoever  rightly  considers  thefe  circumftan- 
ces,  will  think  it  not  an  improbable  conjefture, 
that  thefe  femi-metals  are  derived  from  iron,  of 
which  they  cannot  be  entirely  deprived  ; and 
from  hence  will  take  occafion  to  examine  this 
opinion  by  new  experiments  and  obfervations, 
which  may  either  ferve  to  ehablilh  or  overturn 
it.  In  the  mean  time,  we  fhould  be  carefully 
on  our  guard  againh  fuch  glimmering  lights, 
which  are  generally  fallacious.  So  long  as  no 
one  is  able  to  produce  any  of  thefe  metallic  bo- 
dies from  pure  iron,  and  to  explain,  in  a clear 
and  intelligible  way,  the  procefs  by  which  man* 
ganefe,  cobalt,  or  nickel,  may  at  pleasure  be 
generated,  fuch  vague  fufpicions  muh  give  way 
to  phaenomena  and  properties  which  are  con- 
ftant,  and  the  fubftances  themfelves  continue  to 
be  confidered  of  an  origin  altogether  diftinft 
and  peculiar  to  themfelves.  It  is  fufficient  for 
our  purpofes  that  thefe  metals  poffefs  diftinfc 
properties,  and  always  preferve  their  own  pecu- 
liar nature,  until  we  (hall  be  better  inflru&ed 
by  faithful  analyfis  and  fynthefis.  There  is  no 
doubt  that  many  metals,  which  have  been  a 
long  time  known,  and  acknowledged  to  be  di- 
ftinft  fuMlauces,  would  fcarccly  have  endured 
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more  fevere  trials  than  nickel  does.  By  the 
fame  rule,  therefore,  fuch  metals  may  be  al- 
ledged  to  be  compounded.  If  the  genefis  of 
natural  produ&ions  was  to  be  eftablifhed  by 
fancied  metamorphofis,  the  whole  truth  and 
certainty  of  natural  philofophy  muft  foon  be 
overturned.  So  long  as  plaufible  conjectures 
are  fubftituted  for  opinions  formed  on  the  fure 
bafe  of  experiment,  we  fhall  always  embrace 
the  fliadow  for  the  fubftance. 

i 

§ xm.  Synthetical  Experiment & 

Although  the  fynthetical  experiments  which 
I undertook  with  intent  to  difcover  the  origin 
of  nickel,  were  in  that  view  ineffeftual,  yet  I 
think  it  proper  to  relate  the  principal  of  them, 
that  the  way  may  be  more  eafy  to  others.  The 
fpecific  gravity  of  the  copper,  iron,  cobalt,  and 
white  arfenic,  employed,  were  9,3243,  8,367.8, 
8,1500,  and  4,0000,  refpe&ively. 

(a)  Equal  parts  of  copper  and  iron,  united 
by  fufion  with  black  flux,  yielded  a red  mafs, 
whofe  fpecific  gravity  was  8,5441,  which  tinged 
nitrous  acid  firft  blue,  then  green,  afterwards 
yellow,  and  at  length  an  opaque  brown. 

(b)  Two  parts  copper,  and  one  of  iron,  uni- 
ted, had  a fpecific  gravity  equal  to  8,4634.  The 
mixture  yielded  firft  a blue,  then  a green  folu- 
non. 

(c)  Equal 
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(c)  Equal  parts  of  copper,  iron,  and  cobalt,' 
yielded  a regulus  of  the  fpecific  gravity  8,0300, 
which  imparts  to  the  menftruum  a brown  co- 
lour. 

(d)  One  part  of  copper,  one  of  iron,  and  two 
of  arfenic,  formed  a brittle  mixture  of  a fpecific 
gravity  equal  to  8,0468,  which  formed  a blue 
folution. 

6e)  One  part  of  copper,  one  of  iron,  two  of 
cobalt,  and  two  of  white  arfenic,  yielded  a brit- 
tle compofition  of  a fpecific  gravity  equal  to 
8,4186,  which  gave  a brownifh  red  folution, 
and,  in  part,  precipitated  fpontaneoully. 

(f)  One  part  of  copper,  one  of  iron,  four  of 
cobalt,  and  two  of  white  arfenic,  united  by  fu- 
fion,  formed  a mafs  of  fpecific  gravity  equal  to 
^’57 *4*  The  regulus,  diffolved  in  nitrous  acid, 
was  as  in  (e),  but  more  red. 

(o)  One  part  of  copper,  one  of  iron,  four  of 
cobalt,  and  two  of  white  arfenic,  acquired  a fpe- 
cific gravity  equal  to  8,2941  ; they  were  dif- 
folved with  a red  colour,  and  depofited  a fedi- 
ment. 

> (H)  0ne  Part  of  iron,  and  four  of  white  arfe- 
nic,  fufed,  were  diffolved  with  a yellow  colour  j 
and,  on  the  addition  of  phlogiflicated  alkali,  im- 
mediately yielded  a Pruffian  blue. 

All  thefe  mixtures,  expofed  to  the  fire,  left  a 
calx,  not  green  like  that  of  nickel,  but  brown, 
Hack,  or  ferruginous. 


1 
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(i)  One  part  of  copper,  eight  of  iron,  fixteen 
of  white  arfenic,  and  four  of  fulphur,  united 
by  fire,  on  the  addition  of  black  flux  yielded 
a mafs,  which,  though  frequently  calcined  and 
reduced,  yielded,  nothing  but  a ferruginous  or 
brown  calx  ; with  nitrous  acid  it  acquired  a 
greennefs,  but  on  the  addition  of  phlogifticated 
alkali,  depofited  a Pruflian  blue. 

(k)  Mary  experiments  were  alfo  tried  in  the 
way  of  folution  ; one  of  which  it  will  be  fuffi- 
cient  to  mention. 

One  part  of  iron  was  diflolved  in  fix  of  ni- 
trous acid,  and  alfo  feparated  by  one  part  of 
copper,  and  one  of  the  calcined  ore  of  cobalt, 
in  the  fame  quantity  of  the  fame  acid  ; then  the 
whole  of  the  folution  of  iron  was  mixed  with 
five  parts  of  the  folution  of  copper,  whence  a 
green  and  faturated  nickel  colour  was  formed, 
which  however,  upon  the  addition  of  three  parts 
of  the  folution  of  cobalt,  was  evidently  obfcu- 
red : The  alkaline  lixivium  was  dropped  into 
this,  by  which  at  firfh  a ferruginous  brown  fe- 
diment  fell,  the  folution  (till  remaining  green  ; 
but,  afterwards  all  the  blue  was  precipitated,  by 
which  at  firfl  all  colour  was  deflroyed  ; but  af* 
terwards  a red  appeared,  occafioned  by  the  co* 
bait  diflolved  in  the  alkaline  fait.  The  fedi* 
ment,  when  reduced,  yielded  a regulus  fimilar 
to  copper,  and  dudtile,  which  tinged  both  glafi> 
and  nitrous  acid  of  a blue  colour. 
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If  a faturated  folution  of  nickel  be  mixed 
with  half  its  quantity  of  folution  of  cobalt,  the 
green  colour  is  much  obfcured  ; but,  four  parts 
of  the  former,  upon  the  addition  of  three  of 
the  latter,  put  ofF  all  appearances  of  nickel. 

§ xiv.  Properties  of  depurated  Nickel. 

I have  not  been  able  to  determine  accurately 
what  are  the  properties  of  nickel  when  perfect- 
ly pure,  as  the  perpetual  prefence  of  iron  in 
fome  relpedt  obfcures  its  properties. 

(a)  The  fpecific  gravity  cannot  be  ascertain- 
ed, efpecially  as  the  quantity  of  iron  is  un- 
known. Let  us  fuppofe  that  the  pureft  nickel 
we  can  obtain,  contains  of  iron  a weight  = p, 
and  of  real  nickel  = q j as  alfo  that  the  fpecific 
gravity  of  the  former  ingredient  is  f,  of  the  lat- 
ter n,  and  of  the  mixture  a ; then,  from  the 
known  laws  of  hydroftatics  - 111 Now  it 

p f -p  q t — a p 

appears  by  experiment,  that  the  weight  of  iron 
is  more  increafed  by  calcination  than  that  of 
any  other  metal,  even  to  0,36  : Since  then  the 

calx  of  purified  nickel  increafes ; i (§  iv.  g.)  ; 
if  one  half  be  afcribed  to  the  nickel,  as  much 
muff  neceffarily  belong  to  the  iron  : Befides, 

let  — the  increment  be  fubtraCted,  as  owing  to 
the  charcoal-duft,  neverthelefs  the  refiduum 
fhews  that  more  than  i-  confifts  of  iron.  Let 
therefore  p = 1.  f = 8,000,  a = 9,000,  (§ 

VII, 
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vii.  b.),  q will  be  = 2,  and  n = 9,600.  The 
data  of  this  calculation  were  fo  taken,  that  the 
value  of  n fhould  come  out  Iefs  than  the  truth ; 
for  the  increment  of  the  nickel  is  put  equal  to 
that  of  the  iron,  which  is  hardly  probable ; then 
the  quantity  of  iron  is  eftimated  only  at  •£,  al- 
though it  is  certainly  greater  ; and,  finally,  ± of 
the  increment  is  afcribed  to  the  charcoal-duff, 
although  other  experiments  Ihew  that  it  adds 
little  or  nothing  to  the  weight ; hence,  there- 
fore, we  conclude,  that  the  true  fpecific  gravity 
of  nickel  is  not  lefs  than  9,000  at  lead.  The 
calculation,  indeed,  fuppofes  that  the  bulk  re- 
mains unchanged  in  the  mixture,  which  is  a 
thing  that  rarely  happens ; but  the  error  thence 
arifing  never  exceeds  0,7,  fo  far  as  is  yet  known, 
and,  perhaps,  in  the  prefent  cafe,  is  rather  to  be 
added  than  fubtra&ed. 

If  a fmall  portion  of  gold  entered  the  compo- 
fition,  the  greatnefs  of  the  weight  might  thence 
be  explained ; but,  although  this  metal  is  al- 
moft  always  abfent,  as  we  have  before  obferved 
(§  v.  g.),  yet  thirty-fix  parts  of  it,  forty-eight 
of  iron,  and  one  of  copper,  were  formed  by  fu- 
fion  into  a globule,  the  fpecific  gravity  of  which 
was  8,8571,  but  was  little  foluble  in  nitrous 
acid  ; yet,  after  lying  two  hours  in  the  menftru- 
um,  the  gold  was  to  be  ieen  plainly,  and,  with 
volatile  alkali,  the  menffruum  yielded  nothing 
but  a ferruginous  brown  precipitate,  which,  in 

the 
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the  fire,  put  on  the  appearance  of  roaffed  iron ; 
jn  all  which  particulars  it  differs  from  nickel. 

(b)  Ihe  folutions  of  nickel  in  all  the  acids 
are  of  a green  colour.  The  vitriolic  acid  takes 
up  the  c'aTxV  and  forms  a green  decaedral  fait, 
of  an  aluminous  comprefled  figure,  the  two  op* 
pofite  apices  truncated ; this  acid  fcarcely  attac- 
ked the  regulus  but  by  evaporation  to  drynefs. 
The-  nitrous  acid,  by  the  afiiftance  of  heat,  dif- 
folves  both  the  calx  and  the  regulus,  and  forms 
blueifh-green  cryftals,  fpathofe  and  deliquescent. 
The  marine  acid  diflolves  both  the  regulus  and 
the  calx,  but  flowly,  and  not -without  the  affif- 


tance  of  heat.  Both  nitrated  and  falited  nickel, 
when  frefh,  deliquefce  j but,  by  long  continu- 
ance in  a free  and  warm  air,  gradually  lofe  their 
acid,  fo  that  at  length  a green  calx  of  nickel, 
mixed  with  iron  and  arfenic,  remains  behind! 
Acid  of  arfenic,  with  the  calx  of  nickel,  con- 
cretes into  a green  faline  mafs ; but,  with  the 
regulus,  it  feparates  a faline  powder  difficult  of 
fblution.  The  fluor  acid  forms,  with  calx  of 
nickel,  (which  it  does  not  eafily  difiblve),  cryf- 
tals of  a dilute  green.  The  acid  of  borax’fcarce 
diffolves  nickel  diredly,  but  takes  it  up  bv 
means  of  a double  elective  attraction.  Vinegar 
forms,  with  the  calx  fpathofe  cryftals  of  an  in- 
tensely green  colour.  It  is  fcarcely  diffolved  by 
^d  of  tartar,  at  leaft  this  menffruum  is  not 
Lnged  by  it.  Acid  of  %ar  changes  both  the 
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regulus  and  the  calx  to  a white  powder,  not 
eafily  foluble  in  water.  The  acid  of  phofpho* 
rus  has  but  little  attraction  for  the  calx  of  nic- 
kel, with  which  it  does  not  form  cryftals,  nay, 
the  folution  is  fcarcely  green.  The  acid  of  ants, 
by  decoction,  or  long  digeftion,  attacks  the  new- 
ly precipitated  calx  ; for  the  folution  is  green, 
and,  upon  evaporation,  yields  cryftals  of  a deep 
green  colour ; thefe  are  hemifpherical,  formed 
of  filaments  diverging  from  a center,  and  pel- 
lucid \ they  rejeft  fpirit  of  wine,  and  are  fcarce- 
ly foluble  in  water,  unlefs  it  be  fharpened  by  an 
acid.  Lemon  juice  does  not  feem  to  aCt  at  all 
upon  nickel. 

All  the  acids  are  tinged  of  a very  deep  co- 
lour j and  this  property  of  nickel  is  extremely 
powerful ; for  the  firft  regulus  (d),  as  well  as 
that  which  is  highly  depurated,  occafions  thefe 
tinges.  This  great  richnefs  of  colour  agrees 
well  with  the  idea  of  a large  quantity  of  matter 
in  a fmall  bulk. 

Volatile  alkali  diflolves  nickel,  and  the  folu- 
tion is  blue  ; the  fixed  alkali  diffolves  very 
fparingly,  and  forms  a yellow  folution. 

(c)  In  proportion  as  nickel  is  more  pure,  it 
is  the  more  difficult  of  fufion,  fo  that,  when  at 
its  great  degree  of  purity,  it  requires  for  fufion 
nearly  as  great  a degree  of  heat  as  forged  iron. 
It  is  eafily  fufed  with  other  metals ; but  its  fear- 

city  has  prevented  us  from  examining  the  phae- 
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nomena  arifing  from  hence.  In  general,  how- 
ever, we  may  remark,  that  the  impure  regulus 
cannot  unite  with  filver.  This  muff  be  attri- 
buted to  the  cobalt  which  it  contains ; for,  when 
well  freed  from  that  metal,  it  eafily  unites  in 
equal  proportions  with  the  filver,  and  that  with- 
out any  remarkable  diminution  either  of  white- 
nefs  or  ductility.  This  mixture,  fufed  with  bo- 
rax, tinges  it  of  an  hyacinthine  colour.  Cop- 
per unites  more  flowly  with  depurated  nickel, 
yielding  a red  and  duftile  metallic  mafs,  which 
tinges  borax  of  a reddifh  hyacinthine  colour. 
With  an  equal,  or  even  a greater  bulk  of  tin, 
nothing  is  produced  but  a brittle  mafs;  in  which 
refpeft,  alfo,  nickel  differs  from  cobalt.  It  could 
not  be  amalgamated  with  mercury  by  tritura- 
tion. Depurated  nickel  melts  with  tin,  and 
forms  a brittle  compound. 

It  may  feem  doubtful,  whether  nickel  is  to  be 
enumerated  among  the  dudile  or  the  brittle 
metals.  Iron,  when  fufed,  is  almoft  always 
brittle ; fo  that  its  duflility,  when  united  with 
nickel,  is  very  remarkable. 

(d)  Depurated  nickel  is,  with  great  difficulty, 
calcined  in  the  ordinary  way  in  the  affay-fur- 
nace,  and  affumes  only  a brown  colour;  but, 
by  means  of  nitre,  it  is  more  completely  dephlo* 
gifhcated,  and  becomes  green.  The  metallic 
calx,  vitrified  with  borax,  produces  an  hyacin- 
th*116 tinge,  which  yet,  if  occafioned  by  a regu- 
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lus  not  well  depurated,  vanifhes  on  continuing 
the  fire,  the  glafs  remaining  being  altogether 
colourlefs,  and,  upon  the  addition  of  nitre,  only 
a flight  blue  tinge  is  produced.  A calx  of  well 
depurated  regulus  of  nickel  forms  a permanent 
colour.  The  calx  of  nickel  communicates  alfo 
to  microcofmic  fait  an  hyacinthine  colour,  which, 
by  long  continued  fufion  on  charcoal,  may  in- 
deed be  weakened,  but  hardly  entirely  difchar- 
ged.  This  colour,  on  the  addition  of  nitre, 
changes  to  a violet;  and,  on  increafing  the  quan- 
tity of  microcofmic  fait,  becomes  again  hyacin- 
thine. If  the  calx  of  nickel  be  added  to  fatura* 
tion,  the  fufed  glafs  appears  of  a blood  colour, 
but,  upon  cooling,  grows  more  and  more  yel- 
low. 
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DISSERTATION  XXI. 

O F « 

A R S E N I C. 


5 i.  Hi/iorical  Introduction. 

ARSENIC  is  found  in  the  bowels  of  the 
earth,  either  in  a metallic  form,  or  cal- 
cined ; or  finally,  intimately,  and  in  the  way  of 
folution,  united  with  fulphur.  This  diverfity 
could  not  efcape  the  firft  difcoverers  ; and  hence 
their  opinions  concerning  its  true  nature  were 
ftrangely  contradictory  for  a long  time. 

We  are  entirely  ignorant  at  what  time  it  be- 
gan to  be  diftinguifhed  from  other  minerals, 
and  when  it  received  the  name  which  it  (till 
continues  to  bear.  It  is  extremely  probable 
that  this  fubftance  was  firlt  difcovered  by  thofe 
who  wrought  in  the  roafting  and  fufing  of  ores, 
betraying  itlelf  by  its  white  fmoak,  its  garlic 
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fmell,  and  its  pernicious  effefts  in  depraving 
metals,  and  deftroying  animal  life.  Arihotle 
mentions  the  4 and  his  difciple,  Theo- 

phrahus  Erefius,  fpeaks  of  Appf»ueaf,  which  was 
called  by  Diofcorides  and  others,  who 

lived  about  the  beginning  of  the  Chrihian  sera. 
But  thefe  denominations  comprehended  only 
thofe  minerals  which,  by  Pliny,  and  other  La- 
tin authors,  are  called  fandarach  and  orpiment. 
Avicenna,  a chemift  of  the  eleventh  century, 
who,  fo  far  as  we  know,  was  the  firft  who  dif- 
tributed  minerals  into  hones,  metals,  falts,  and 
fulphurs,  not  only  fpeaks  of  white  arfenic,  but, 
what  is  remarkable,  of  its  fublimate.  Theo- 
phrahus  is  the  lah  who  mentions  the  regulus, 
although  he  had  before  referred  fandarach  and 
orpiment  to  the  metallic  hones.  It  is  unknown 
who  firh  reduced  white  arfenic  to  a metallic 
form.  Paracelfus,  in  his  Manual,  aflerts  that 
arfenic,  fublimed  with  lime  of  egg-lhells,  be- 
comes like  hlver ; and,  in  the  year  1675,  Le* 
meri  defcribed  a method  of  fubliming  arfenic 
with  fixed  alkali  and  foap : But,  in  the  year 
1649,  J.  Schroder  mentions  the  regulus  eliqua- 
ted  from  arfenic  or  orpiment  by  means  of  white 
flux,  charcoal-duft,  and  iron.  He  quotes  Clof- 
faeus,  but  does  not  give  the  title  of  the  work. 
In  the  Pharmacopoeia  1644,  this  procefs  is  not 
to  be  found. 
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Avicenna,  and  many  after  him,  even  to  our 
times,  place  arfenic  among  the  fulphurs : A!* 

bertus  Magnus  and  others,  among  the  faline 
bodies  : Beecher  confiders  it  as  a foap,  or  a 

faline  fulphureous  body.  Indeed,  as  white  ar- 
fenic is  foluble  in  water,  it  is  plain  that  it  con- 
tains fomething  faline,  although  no  appearance 
of  fuch  a thing  can  be  difcovered  either  in  the 
regulus  alone,  or  in  its  mineralized  (late.  That 
this  faline  fubftance  is  of  an  acid  nature,  plain- 
ly appears  from  its  ready  union  with  alkalis,  e- 
fpecially  as  the  celebrated  Macquer’s  experi- 
ments fhew,  that  neutral  cryilallizable  falts  may 
be  generated  from  thence  ; but  until  our  coun- 
tryman Mr  Scheele’s  time,  no  one  had  been 
able  to  extract  this  acid  in  its  pure  ftate,  and  the 
ingenious  inventor  has  lately  defcribed  the  me- 
thod he  purfued. 

As  to  the  fulphureous  nature  of  arfenic, 
which  fome  perfons  ftrenuoufly  infift  upon,  it 
muft  be  confefled  that  the  regulus  itfelf,  nay  e- 
ven  orpiment  and  realgar,  are  inflammable ; a 
circumftance  which  however  does  not  take  place 
with  refped  to  white  arfenic.  If  therefore  the 
fulphureous  quality  is  to  be  determined  from  a 
Angle  property,  (in  the  fame  way  as  the  falinej, 
it  appears  that  it  is  only  competent  to  arfenic  in 
a certain  ftate.  But  befides  arfenic,  zinc  and 
feveral  other  bodies,  which  are  eafily  inflamma- 
ble, are  not  however  from  thence  to  be  denomi- 
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nated  fulphureous,  unlefs  we  will  confine  that 
appellation  to  the  quantity  and  connexion  cf 
phlogifton  adapted  to  inflammation. 

It  is  commonly  faid,  that  arfenic  mineralizes 
metals,  and  therefore  it  is  confidered  as  a ful- 
phur  by  fome,  who  yet  extend  the  idea  of  mi- 
neralization fo  far,  as  under  it  to  comprehend 
all  mixtures,  whereof  a metal  forms  a part : 
But,  if  we  examine  this  fignification  a little 
more  accurately,  we  fhall  eafily  fee  that  it  is  ex- 
tended too  far  ; for  if  this  be  admitted,  we 
mud  at  the  fame  time  allow  that  no  native  me- 
tal is  to  be  found ; thus  the  gold,  which  is  cal- 
led native,  is  fcarce  ever  perfectly  pure,  but  is 
mixed  more  or  lefs  with  filver  or  copper.  In 
the  fame  way  filver  is  mixed  with  gold  or  cop- 
per ; platina  with  iron  ; copper  with  gold,  fil- 
ver, or  iron  ; nickel  with  cobalt,  &c.  If  there- 
fore arfenic,  which,  unlefs  in  its  reguline  date, 
never  diflolves  other  metals  (§  vi.  a.),  be  con- 
fidered as  a mineralizing  fubflance,  what  hin- 
ders us  from  faying,  that  gold  is  mineralized  by 
filver  and  copper,  and  in  general  every  metal 
mineralized  by  another  ? Beyond  doubt,  the 
fame  reafon  holds  good  in  all.  "W  ith  much 
lefs  appearance  of  truth  can  we  fay,  that  metals 
are  mineralized  by  earths,  as  thefe  latter  are 
fcarce  ever,  except  mechanically,  mixed  with 
the  ores. 


It 
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It  is  much  more  conformable  to  reafon  and 
experience,  to  call  thofe  metals  mineralized 
which  are  diffolved,  and  actually  concealed  by 
a menftruum.  Sulphur  is  the  chief  agent  em- 
ployed by  nature  for  this  purpofe ; and  al- 
though the  acids  of  vitriol,  of  nitre,  of  phof- 
phorus,  and  fometimes  even  the  aerial  acid,  oc- 
cafion  the  metals  to  put  on  an  appearance  fo- 
reign to  their  nature,  yet  the  number  of  thefe 
is  fo  fmall,  that,  compared  with  the  fulphurated 
minerals,  they  almoft  vanifh. 

But  the  idea  of  a mineralizing  arfenic,  per- 
haps, is  to  fought  for  further.  This  mine- 
ral, fo  tvoublefome  to  the  mineralogilt,  occa- 
fioned  the  alchemifts  to  fufpeft  the  exiftence  of 
a certain  arfenical  principle  indifpenfably  necef- 
fary  to  the  perfedlion  of  every  metal ; a fufpi- 
cion  occafioned  by  their  ftrenuous  endeavours, 
during  the  procefs  of  their  great  work,  to  dif- 
cover,  by  the  molt  fubtile  ratiocinations,  the 
true  compofition  of  metals.  Even  fo  late  as  the 
1773,  the  Royal  Academy  of  Sciences  at  Ber- 
lin propofed  the  following  problem.  £>uid  ar~ 
fenico  in  mineris  praefente  efficiat  natura  f Num 
idoneis  evinci  qnecit  experiment is  quod  metalla  re  ve- 
raperficiat  ? Etfi  it  a , quomodo  et  quoufque  hoc  fiat  ? 
The  premium  was  adjudged  to  the  anfwer  of 
the  celebrated  Monnet,  in  which  he,  with  great 
ingenuity  and  truth,  confiders  arfenic  as  a fe- 
mi-metal  differing  from  all  others  j which  is  fo 

far 
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far  from  conftituting  an  effential  part  of  the 
texture  of  metals,  that  it  unqueftionably  is  of- 
ten totally  abfent,  and,  when  prefent,  is  always 
attended  by  inconveniencies,  either  carrying  it 
off  in  its  departure,  or  fpoiling  the  mafs.  Cer- 
tainly good  copper  is,  though  not  without  diffi- 
culty, eliquated  from  the  grey  ore  ; and  filver, 
equally  perfed,  is  obtained  from  the  vitreous 
as  from  the  red  ore.  No  one  as  yet  has  been 
able  to  perfect  any  metal  by  means  of  arfenic ; 
and,  if  it  be  accidentally  found  mixed  with 
others,  it  no  more  contributes  to  their  good- 
nefs,  than  the  lead  in  galena  is  ufeful  to  the  fil- 
ver, or  the  filver  to  the  lead.  If  recourfe  be 
had  to  an  arfenical  principle  fo  fubtile  as  to 
evade  the  obfervation  of  our  fenfes,  let  us  leave 
that  fubjeft  to  be  difcufled  by  its  authors. 

All  thefe  confiderations,  however  juft,  do  not 
prevent  us  from  aflerting,  that  the  acid  of  arfe- 
nic,  like  other  acids,  is  a mineralizing  fub- 
ftance,  when,  at  any  time,  in  a difengaged  ftate, 
it  meets  with  a metal  in  the  bowels  of  the  earth, 
and  in  that  form  unites  with  it. 

Among  the  chemifts  who  have  laboured,  du- 
ring this  century,  to  difcover  the  properties  of 
arfenic,  the  celebrated  Brandt  muft  not  be  o- 
mitted ; he  being  either  the  firft  who  obferved 
many  of  them,  or  at  leaft  the  moft  accurate  in 
their  defcription.  Mr  Pott  has  publilhed  a 
learned  treatife  on  orpiment ; J.  G.  Lehman 
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another  on  the  fandarach  of  the  ancients ; and 
many  other  books  there  are  upon  the  fame  fub- 
je&. 

§ 11.  Reguline  Arfcnic. 

Arfenic  is  found,  in  a metallic  form,  in  Bo- 
hemia, Hungary,  Saxony,  Hercynia,  and  elfe- 
where,  but  particularly  at  St  Marieaux  mines 
in  Alfatia,  where,  not  long  fmce,  many  hun- 
dreds of  it  were  extracted.  In  Germany  it  is 
called  Schoerbencobolt,  and  frequently  Flieg- 
enftein  or  Muckenpulver,  but  for  what  reafon 
I know  not,  as  it  is  not  foluble  in  water,  and, 
therefore,  unlefs  when  dephlogifticated,  is  not 
at  all  proper  for  the  purpofe  alluded  to  by  the 
name ; perhaps,  by  fpontaneous  calcination,  it 
becomes  fo  much  dephlogifticated  as  to  acquire 
a degree  of  folubility. 

As  to  its  form,  it  is  often  found  fhapelefs, 
friable,  and  powdery,  but  fometimes  compad, 
divided  into  thick  convex  lamellae,  with  a 
needle-formed  or  micaceous  furface.  It  admits 
of  a polilh,  which  yet  is  foon  loft  in  the  air. 

When  frefh  broken,  it  appears  compofed  of 
fmall  needle-like  grains,  with  a leaden  colour, 
which  yet  foon  grows  yellow,  and,  by  degrees, 
blackifh.  In  hardnefs  it  feems  to  exceed  cop- 
per ; in  brittlenefs  to  equal  antimony. 
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A regulus  may  alfo  artificially  be  procured 
from  white  arfenic,  either  by  fubliming  it  with 
oil,  black  flux,  or  other  phlogiftic  additaments; 
or  fufing  it  with  double  its  weight  of  foap  and 
pot-afhes ; or,  finally,  precipitating  it  by  fome 
other  metal  from  orpiment  or  fandarach,  fufed 
with  fulphur  and  fixed  alkali*  That  which  is 
obtained  by  the  firft  of  thefe  methods  has  a 
cryftalline  form,  more  or  lefs  regular,  o&tedral, 
pyramidal,  or  even  prifmatic.  Sometimes  the 
artificial  regulus  is  fold  in  thick  cakes.  Its  fpe- 
cific  gravity  is  8,310  \ and,  therefore,  a cubic 
inch  weighs  about  43.19  drachms  avoirdupois. 

The  mineral  commonly  called  Mifpickel  is 
juflly  reckoned  a regulus  ; as,  when  totally  de- 
prived of  fulphur,  it  confifts  of  arfenic  and  iron 
united  in  a metallic  form  ; and,  although  the 
latter  amounts  to  y,  or  fometimes  even  to  y, 
yet  the  compound  is  not  magnetic.  This,  when 
ignited,  fends  forth  an  arfenical  fmell,  and  is 
thus  foon  rendered  magnetic,  although  the  ope- 
ration be  performed  on  a tile,  without  any  phlo- 
gifton.  It  eafily  flows  in  the  fire ; and,  in  clofe 
veffels,  the  greater  part  of  the  regulus  of  arfenic 
rifes,  leaving  the  iron  at  the  bottom ; a com- 
pound  of  this  kind  may  alfo  be  artificially 

made. 

Reguline  arfenic  is  far  more  volatile,  and 
lofes  its  phlogiflon  more  eafily,  than  any  other 
metal,  and,  therefore,  it  cannot  be  fufed  ; as, 

for 
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for  that  purpofe,  a greater  degree  of  heat  is  ne- 
ceffary  than  what  is  fufficient  to  calcine,  volati- 
lize, and  inflame  it.  In  open  veflels,  it  begins 
to  fend  forth  a vifible  fmoke,  in  a degree  of 
heat  = 1800  of  the  Swedifh  thermometer.  In 
order  to  inflame  it,  the  regulus  muft  be  drop- 
ped into  a veflel  of  a proper  degree  of  heat ; • 
for,  if  the  heat  be  gradually  increafed,  the  me- 
tal is  volatilized ; the  neceifary  degree  mull 
therefore  be  inllantaneoufly  applied.  The  flame 
is  of  an  obfcure  whitifh  blue,  diffufing  a white 
fmoke,  and  a garlic  fmell.  In  clofe  veflels  it 
retains  its  metallic  nature;  and,  expofed  to  the 
fire,  is  fublimed  in  a determinate  figure. 

§ hi.  Habits  of  Reguline  Arfenic  mixed  in  the 
Via  Sicca  with  other  Subjiances. 

(a)  Arfenic,  in  a reguline  form,  added  to 
metals  in  fufion,  melts  with  many  of  them,  but 
thereby  thofe  which  were  malleable  become 
brittle.  Such  of  them  as  flow  with  difficulty 
when  alone,  become  more  fufible  by  means  of 
arfenic ; but  thofe  which  foon  liquefy  (at  leafl: 
tin)  become  more  refractory  : Thofe  which  are 
yellow  or  reddilh  are  made  whiter,  according  to 
the  quantity  of  arfenic  ; and  fuch  as  are  white 
acquire  a grey  colour,  tin  excepted,  which,  by 
this  means,  acquires  a permanent  and  Alining 
whitenefs,  and,  by  fufion,  is  able  to  retain  its 
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own  weight ; nor  does  it  fpoil  the  colour  of  pla- 
tina  when  united  with  it.  Gold,  fufed  in  a 
clofe  veflel,  takes  up  fcarcely  fiiver  -L,  lead 
A,  copper  and  iron  more  than  its  own  weight. 
Iron,  by  means  of  a large  quantity  of  this  me- 
tal, lofes  its  magnetic  power  ; but  it  is  difficult 
to  determine  exactly  how  much  is  fufficient  for 
this  purpofe  (as  fome  of  the  iron  always  enters 
the  fcoria)  ; but,  undoubtedly,  lefs  than  an  e- 
qual  quantity  is  fufficient.  Bifmuth  retains  a- 
bout  ~j , zinc  y,  regulus  of  antimony  -i,  and 
manganefe  an  equal  quantity.  Nickel  and  co- 
balt receive  fome  arfenic,  and  that  not  a little  ; 
but  the  quantity  can  hardly  be  determined,  as 
thefe  metals  are  fcarce  ever  got  pure.  Regu- 
lus of  arfenic,  in  a fufficient-degree  of  heat,  and 
by  triture  of  feveral  flours,  a&ually  takes  up  ~ 
of  its  own  weight  of  mercury,  and  forms  a grey 
amalgam. 

By  means  of  heat,  in  an  open  veflel,  the  arfe- 
nic may  be  again  expelled  ; but,  flying  off,  it 
generally  carries  with  it  fome  of  the  metal  with 
which  it  is  united,  gold  and  fiiver  not  excepted, 
if  the  degree  of  heat  be  great,  and  fuddenly  ap- 
plied ; yet  platina  perfectly  refills  the  volatili- 
zation ; nay,  being  very  difficult  of  fufion,  it 
even  retains  a portion  of  the  arfenic. 

(b)  Regulus  of  arfenic  cannot  be  united,  by 
fufion,  with  alkaline  falts,  until  the  phlogifton 

3.S  fufficiently  diminifhed  : If,  therefore,  the  re- 
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gulus  be  added  to  nitre  in  fufion,  after  detona- 
tion, they  both  eafdy  unite,  and  the -compound 
comes  out  exactly  fimilar  to  that  made  with 
white  arfenic  (§  vi.  b.). 

(c)  Regulus  of  arfenic,  expofed  to  diftilla- 
tion  with  the  dry  acid  of  arfenic  (§  v.  ),  fu- 
blimes  before  it  can  be  acted  upon  by  the  acid, 
which  muft  be  firft  melted ; but  the  regulus, 
when  put  into  the  acid  in  fufion,  foon  takes 
fire,  and  fends  forth  a white  fmoke;  for  the  acid, 
being  deprived  of  its  phlogifton  in  this  inftance, 
feparates  that  principle  from  the  regulus,  and 
takes  it  t6  itfelf  in  fuch  quantity  as  to  regene- 
rate white  arfenic ; and,  on  the  other  hand,  the 
regulus,  by  means  of  the  fire,  is  fo  far  fpoiled 
of  its  phlogifton,  as  to  appear  in  the  form  of  a 
calx. 

(d)  This  regulus,  in  diftillation  with  corro- 
five  fublimate,  yields  a fmoaking  butter,  with 
a fmall  quantity  of  mercurius  dulcis  and  quick- 
filver.  In  this  cafe  the  principles  are  changed  : 
By  means  of  a double  eledive  attra&ion,  the 
regulus  of  arfenic  yields  its  phlogifton  to  the 
bafe  of  the  corrofive  fublimate,  which  being 
thereby  really  calcined,  is  reduced  into  perfect 
mercury,  while  the  marine  acid  takes  up  the 
calx  of  the  arfenic. 

(e)  Sulphur  eafily  dilfolves  the  regulus  ; and, 
by  fufion  and  fublimation,  yields  yellow  or  red 
compounds,  according  to  the  different  propor- 
tion 
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tion  (§  x.  b.).  Hepar  fulphuris  takes  up  the 
regulus ; but  this  lafh  adheres  to  it  fo  loofe- 
ly,  that  it  is  precipitated  by  every  other  metal 

which  can  unite  with  the  hepar. 

, , : 1 

§ iv.  Habits  of  Regains  of  Arfenic , united  by 
the  Via  Humida  with  other  Subflances. 

(a)  Water  alone  has  no  effect  in  this  cafe. 

(b)  Vitriolic  acid  does  not  attack  the  regu- 
lus, unlefs  concentrated  and  aflifted  by  fire. 
The  inflammable  part  of  the  regulus  phlogifti- 
cating,  the  acid  flies  off,  fo  that  the  remaining 
part  aflumes  the  nature  of  white  arfenic,  and, 
with  menflrua,  exhibits  the  fame  properties  as 
any  other  metallic  calx. 

The  fame  is  true  of  nitrous  acid,  except 
that  it  attracts  the  phlogifton  more  vehemently. 

Marine  acid  has  fcarcely  any  effect,  unlefs 
when  boiling. 

Acid  of  arfenic,  which  fhall  be  fpoken  of 
hereafter  (§  v.),  by  digeftion,  changes  the  re- 
gulus into  a white  calx,  and  is  itfelf  altogether 
changed  (by  means  of  the  phlogifton  which  it 
has  taken)  into  a calx,  provided  the  phlogifton 
be  in  due  quantity. 

The  other  acids  I pafs  over,  as  entirely  refu- 
fing  to  unite  fo  long  as  the  reguline  form  re- 
mains ; for  no  metal,  except  when  more  or  lefs 
deprived  of  phlogifton,  can  be  diffolved  in  a- 
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cids.  This  impediment  is  very  eafily  removed 
by  the  nitrous  acid,  but  very  difficultly  by  ma- 
rine, as  it  abounds  in  phlogifton  itfelf.  In  this 
cafe,  therefore,  the  fame  compounds  are  pro- 
duced with  the  regulus,  as  thofe  with  white 
arfenic,  defcribed  in  § vii.  c. 

It  mull  here  be  obferved,  that  folutions  of 
the  native  regulus  always  yield  a Pruffian  blue 
with  phlogiflicated  alkali ; which  evinces  the 
prefence  of  iron. 

Befides,  it  is  to  be  obferved,  that  the  regulus 
plainly  precipitates  certain  metals  diffolved  in 
acids ; fuch  are  gold  §nd  platina  in  aqua  regia, 
and  alfo  fiiver  and  mercury  in  vitriolic  or  ni- 
trous acid.  The  fiiver  generally  appears  in 
beautiful  polilhed'  fpiculse,  like  the  Arbor  Dia- 
nas ; but,  if  the  arfenic  be  fuffered  to  hand  long 
in  the  nitrous  folution,  but  little  diluted,  the 
fiiver  fpiculae  are  again  diffolved,  the  arfenic 
becoming,  in  the  mean  time,  dephlogiflicated. 
Solutions  of  bifmuth  and  antimony  are  but  ob- 
fcurely  rendered  turbid. 

Arfenic  and  iron,  naturally  united,  as  in  the 
mifpickel,  may  be  feparated  by  digeftion  with 
marine  acid  or  aqua  regia;  for  the  former  men- 
ftruum,  in  this  way,  only  attacks  the  iron ; and 
the  latter,  although  it  can  diffolve  both,  yet  is 
not  able  to  touch  the  arfenic,  fo  long  as  any 
iron  remains.  In  order,  however,  that  all  the 
arfenic  may  lemain  alone  at  the  bottom,  a very 
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fubtile  pulverization  is  neceffary,  together  with 
a juft  quantity,  and  ftrength  or  the  menftruum; 
and  heat  muft  alfo  be  carefully  avoided. 

(c)  The  alkalis  operate  more  {lowly  in  the 
humid  than  the  dry  method  ; as,  before  a real 
union  takes  place,  the  phlogifton  muft  be  dimi- 
nifhed.  A faline  hepar,  by  boiling,  attacks  the 
pulverized  regulus  j for  that  which  is  precipi- 
tated by  an  acid,  yields,  by  fublimation,  a true 
orpiment. 

(d)  The  fatty  oils,  when  boiling,  diffolve  the 
regulus,  and  form  a black  mafs  of  the  confiff 
tence  of  a plafter. 

§ v.  Calqned  Arfenic, 

The  regulus,  with  a very  gentle  heat,  lofes 
fo  much  of  its  phlogifton,  that  it  flies  off  in  a 
white  fmoke  ; yet  all  the  metallic  calxes  retain 
much  of  their  inflammable  principle,  although 
not  fufficient  to  give  them  a metallic  appearance. 
The  following  experiments  will  plainly  {hew, 
that  this  is  true  alfo  of  arfenic. — Let  calcined 
arfenic,  moiftened  with  nitrous  acid,  be  expofed 
to  heat,  and  a copious  red  vapour  will  break 
forth,  which,  collected,  exceeds  the  arfenic  four 
pr  five  times  in  bulk  *,  and,  upon  examination, 
is  found  to  be  no  other  than  that  which,  by  the 
celebrated  Prieftley,  is  called  nitrous  air  ; how- 
ever, this  always  abounds  in  phlogifton,  and 
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fcarcely  contains  any  thing  elfe,  except  a fmall 
portion  of  nitrous  acid,  dilated  into  an  elaftic 
fluid  by  the  abundance  of  phlogifton.  In  this 
cafe  the  inflammable  principle  can  be  derived 
from  no  other  fource  than  the  arfenic  ; and  we 
fliall  foon  have  occafion  to  take  notice  of  other 
proofs. 

The  native  calx  of  arfenic  occurs  but  feldom 
in  Saxony  and  Bohemia;  but  is  found  copiouf- 
ly  in  thofe  places  where  the  ores  of  cobalt  are 
roafted,  and  is  collected  in  the  long  and  wind- 
ing wooden  tubes  ufed  in  that  operation.  This 
fmoke  is  found  fo  loaded  with  phlogifton,  that 
it  appears  grey;  but  is  foon  made  white  by  fub- 
limation,  either  with  or  without  pot-afhes.  This 
calx  is  volatile,  but  lefs  fo  than  the  femi  metal 
itfelf;  for  it  requires  at  leafl  a degree  of  195°. 
If,  in  a clofe  veflel,  it  be  raifed  by  a fire  a little 
higher,  it  becomes  pellucid  like  glafs.  In  the 
air,  its  furface  foon  contrafts  a white  opacity  ; 
but  that  which  is  found  cryftallized  in  the  bow- 
els of  the  earth  is  not  fubjeft  to  this  change. 
The  fpecific  gravity  of  white  arfenic  is  3,706, 
and  that  of  the  glafs  about  5,000. 

It  flowly  excites  upon  the  tongue  an  acid  fub- 
dulcid  tafte. 

White  arfenic  is,  in  reality,  nothing  elfe  but 
an  acid  different  from  all  known  acids,  and 
loaded  with  fuch  a quantity  of  phlogifton  as  is 
fufficient  to  coagulate  it.  100  parts  of  white 
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arfenic  contain  at  leaft  20  of  phlogifton ; and, 
whatever  is  capable  of  feparating  fo  much,  is 
capable  of  leaving  the  acid  pure.  This  acid 
(which  has  been  examined  particularly  in  an- 
other place)  is  of  itfelf  fixed,  but,  when  made 
red  hot,  decompofes  the  matter  of  heat,  gains 
phlogifton  from  thence,  and  regenerates  white 
arfenic,  which,  loaded  to  faturation  with  phlo- 
gifton, becomes  reguline.  The  dry  acid,  ex- 
pofed  to  a moift  air,  deliquefces,  and  falls  to- 
tally into  a limpid  liquor,  containing  fo  much 
water  as  is  neceffary  to  the  folution  of  the  acid 
in  a moderate  temperature,  that  is  y of  its  own 
weight. 

It  is  highly  probable  that  all  the  metals  are 
only  different  acids  coagulated  by  a large  quan- 
tity of  phlogifton,  although  the  connexion  of 
thole  principles  is  fo  clofe,  that  we  are  hitherto 
ignorant  of  the  means  of  feparating  them.  The 
metallic  calxes  always  contain  more  or  lefs 
phlogifton ; and  mod  of  them  alfo  contain  aeri- 
al acid,  which  they  take  from  the  furrounding 
air  in  place  of  their  loft  phlogifton,  and  perti- 
nacioufly  retain  it ; yet  fome  calxes  feem  always  ' 
to  be  free  from  that  acid,  although  precipitated 
by  aerated  alkali.  It  is  alfo  certain  that  white 
arfenic  is  free  from  it.  But  this  do&rine  will 
be  more  fully  illuftrated  in  another  place.  In 
the  mean  time,  it  appears  from  hence  what 
opinion  is  to  be  formed  of  the  falts  and  ful- 
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phurs  of  metals,  although  the  ideas  of  the  an- 
cients upon  this  fubjett  occafion  much  obfcurity. 

Hence,  alfo,  it  appears  why  earths  and  metal- 
lic calxes  fix  arfenic.  Nickel  and  cobalt  gene- 
rally abound  with  arfenic,  which  cannot  be  ex- 
pelled by  calcination  alone  ; for,  when  a great 
part  is  diflipated  by  the  force  of  the  fire,  the 
reft  either  gradually  lofes  its  phlogifton,  and 
adheres  like  a fixed  acid,  or  is  united  by  fufion 
with  the  metallic  earths  ; but  powder  of  char- 
coal being  added  during  the  calcination,  imme- 
diately a large  quantity  of  ftnoke  breaks  forth, 
which  fmells  like  garlic,  and  is  nothing  elfe  but 
the  arfenical  acid,  reduced  by  phlogifton  to  the 
form  of  a calx. 

§ vi.  Properties  of  Calcined  Arfenic  mined  by 
the  Via  Sicca  with  other  Subfiances . 

/(a)  White  arfenic  fufes  with  the  fame  metals 
as  the  regulus  does,  but  in  a manner  fomewhat 
different.  It  is  true  that  no  calx,  as  fuch,  can 
be  united  with  metals  j but,  neverthelefs,  the 
calx  of  arfenic  added  to  them,  when  fufed  in  a 
crucible,  readily  unites  with  them ; but  let  it 
be  remembered,  that  it  is  reduced  by  the  phlo- 
gifton of  the  lufed  metal ; therefore,  when  the 
metal  is  an  imperfed  • one,  fcorias  alfo  arife, 
conlifting  of  the  calcined  part  of  the  metal  and 
white  arfenic. 
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(e)  White  arfenic  inje&ed  into  fufed  nitre 
excites  a violent  intumefcence  and  effervefcence, 
but  without  any  fcintillation  ; if  this  addition 
be  continued  until  a new  portion  excites  no 
motion,  and  the  mais  be  then  well  fufed,  the 
produdf  is  called  arfenic  fixed  by  nitre.  Du- 
ring this  operation  the  nitrous  acid  is  volatilized 
by  the  phlogifton  of  the  metallic  calx,  and  the 
arfenical  acid,  being  difengaged,  unites  with 
the  bafe  of  the  nitre  ; however,  cryftals  are  not 
obtained,  becaufe,  by  means  of  the  vehemence 
of  the  fire,  the  alkali  is  fuperabundant ; but,  by 
a juft  proportion  of  alkali,  and  a due  degree  of 
heat,  cryftals  may  be  produced  ; for  the  vege- 
table alkali  requires  a flight  fuperabundance  of 
arfenical  acid  in  order  to  produce  cryftals : This 
neceflary  fuperabundance  may  alfo  be  preferved 
in  a crucible,  provided  the  fire  be  fo  regulated 
that  the  bottom  may  be  fcarcely  red;  it  fucceeds 
better,  however,  in  diftillation. 

The  refidua  of  the  diftillaticns,  performed 
with  an  equal  portion  of  prifmatic,  cubic,  or 
flaming  nitre,  all  yield  arfenicated  alkali,  which, 
after  folution  in  water,  may  be  cryftallized.  It 
is  vulgarly  fuppofed  that  thefe  cryftals  cannot 
be  deeompofed.  by  other  acids,  but  erroneoufly. 
It  is  evident,  that  though,  upon  the  addition  of 
another  acid,  the  alkaline  bafe  unites  with  it, 
yet  the  acid  of  arfenic,  being  itfelf  foluble, 
will  yield  no  precipitation,  nor  even  occafion  a 

turbidnefs  j 


OF  ARSENIC.  25J5 

turbidnefs ; From  the  want  of  turbidnefs  no- 
thing as  yet  has  been  elfimuted  but  the  cohe° 
Five  force  of  the  compound:  But  the  error  arileS 
from  hence,  that  chemilts  have  fuppofed  that 
white  arfenic  enters  thole  falts,  when,  in  reali- 
ty, it  is  only  the  acid.  Iherelore,  in  order  the 
more  clearly  to  diicern  the  event,  we  Ihouid 
dilfolve  the  arfenicated  vegetable  alkali  (the 
neutral  arfenical  fait  of  Mr  Macquer)  in  vitrio- 
lic acid;  this  being  done,  let  the  neutral  fait  be 
precipitated  with  highly  redified  fpirit  of  wine; 
and  walked,  which  is  very  eafily  done,  for  the 
vitriolated  vegetable  alkali  is  not  at  all,  and  the 
arfenicated  vegetable  alkali  but  very  fparingly* 
foluble  in  this  fpirit.  The  fait  feparated  in  this 
manner  from  the  difengaged  acid  is  foon  diftin- 
guilhable,  and,  in  this  inltance,  exhibits  all  the 
properties  of  vitriolated  vegetable  alkali.  Ihis5 
therefore,  is  undoubtedly  a decompofition  of 
the  arfenical  fait,  by  way  of  folution  : Here  the 
alkali  has  no  effect,  as  it  is  itfelf  unable  to  pre- 
cipitate. But  the  nature  of  thefe  falts  will  elfe- 
where  be  more  accurately  examined. 

The  dfgeftive  fait,  common  fait,  and  fal  am- 
moniac, are  not  changed  by  arfenic  ; the  rea- 
fon  of  which  undoubtedly  is,  that  the  marine 
acid  is' naturally  loaded  with  phlogiflon. 

(c)  Corrofive  fublimate,  diftilled  with  white 
arfenic,  afcends  unchanged,  whatever  propor- 
tions be  employed.  Mr  Pot  long  fince  obfer- 
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vcd,  that,  ia  this  cafe,  no  butter  of  arfenic  ari- 
fes  ; and,  certainly,  no  fuch  can  arife,  a6  the 
calx  of  arfenic  attra&s  the  marine  acid  with 
lefs  force  than  the  calx  of  the  mercury  does. 
Let  butter  of  arfenic,  mixed  with  calx  of  mer- 
cury, be  expofed  to  diftillation  ; at  firft,.  before 
the  whole  can  be  decompofed,  a little  of  the 
butter  is  elevated,  but  foon  after  a corrofive 
fublimate  rifes,  and,  finally,  a white  arfenic. 

(n)  Fixed  alkali,  with  white  arfenic,  melts 
in  the  fire  almoft  in  the  fame  way  as  nitre,  only 
the  phlogifton  flies  oft'  more  flowly.  Cauftic 
vegetable  alkali,  ignited  in  a clofe  vefiel,  fixes 
about  double  its  quantity  of  white  arfenic  ; but 
the  mineral  alkali  fixes  nearly  triple.  Cauftic 
volatile  alkali,  drawn  from  white  arfenic  to  dry- 
nefs  two  or  three  times  repeatedly,  becomes  at 
length  fotclofely  united  to  it,  that  the  mafs  bears 
fufion  by  means  of  fire. 

Terra  ponderofa,  and  calcareous  earth,  fpoil- 
ed  of  the  aerial  acid  by  roafting,  retain,  on  ig- 
nition in  clofe  veflels,  about  an  equal  quantity 
of  arfenic  ; but  magnefia,  pure  clay,  and  filice- 
ous  earth,  fcarcely  any. 

(e)  Sulphur  eafily  unites  with  white  arfenic, 
reduces  and  mineralizes  it ; hence  this  com- 
pound always  diffufes  a mod  penetrating  odour 
of  volatile  vitriolic  acid  ; for  a portion  of  the 
fulphur  yields  to  the  calx  of  the  arfenic  a great 
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quantity  of  phlogiflon.  See  alfo  § vm.  ix. 
and  x. 

Saline  hepar  alfo  diffolves  white  arfenic,  but 
more  readily  attacks  the  regulus. 

Equal  quantities  of  fulphur,  crude  arfenic, 
and  white  arfenic,  unite,  by  fufion,  in  a clofe 
veflel,  and  generate  the  lapis  de  tribus , which  is 
alfo  called  pyrmifon  or  arfenical  magnet  5 this 
is  red,  and  fometimes  tranfparent. 

§ vri.  Properties  of  Calcined  Arfenic  mixed  by 
Solution  with  other  Subftances. 

(a)  80  parts  of  diflilled  water,  in  nn  heat  of 
1 50,  diffolve  one  of  white  arfenic,  and,  when 
boiling,  15  parts  of  water  are  fufficient.  But 
the  arfenic,  when  once  diffolved,  is  more  eafily 
retained  than  taken  up  ; fo  that,  in  a moderate 
heat,  15  parts  can  hold  one  fufpended  a long 
time : The  fame  is  true  of  the  other  folutions. 
Solution  of  arfenic  changes  the  deep  tindlure 
of  turnfole  to  a red  colour,  but,  like  other  me- 
tallic folutions,  makes  fyrup  of  violets  green  * 
it  is  not  changed  by  neutral  falts,  but  is  preci- 
pitated by  mofl  metallic  falts,  and  that  in  fuch 
a way,  that  the  metallic  calxes,  united  with  the 
ai fenic,  fall  (though  flowly)  to  the  bottom. 

It  may  be  afked,  whether  the  whole  of  the 
arfenic,  or  only  the  arfenical  acid,  unites  with 
the  metallic  calx,  yielding  the  phlogiflon  to  the 
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menftruum  of  the  other  metal  ? Certainly  fuch 
a mutual  commutation  of  principles  does  not 
appear  improbable,  if  we  conflder  only  thofe 
cafes  in  which  the  menftruum  is  vitriolic  or  ni- 
trous acid ; but  as  iron  (for  example)  united 
with  marine  acid,  (which  does  not  attraft  the 
phlogifton  of  white  arfenic)  as  well  as  when  it 
is  joined  to  nitrous  acid,  is  precipitated,  it 
would  appear  that  the  whole  of  the  arfenic  is 
united,  at  leaft  in  certain  cafes,  to  the  metallic 
calxes. 

(b  ) 70  or  8 o parts  of  fpirit  of  wine,  by  means 
of  a boiling  heat,  diffolve  one  of  arfenic. 

(c)  Concentrated  vitriolic  acid,  boiled  with 
white  arfenic,  difiolves  a fmall  portion  of  itj 
which  yet,  upon  cooling  it  again,  depofits  in 
the  form  of  cryftalline  grains.  This  vitriol 
diflolves  in  water  with  much  greater  difficulty 
than  white  arfenic  itfelf ; expofed  to  the  flame 
of  a blow  pipe,  it  foon  emits  a white  fmokej 
but,  at  the  fame  time,  is  formed,  by  fufion,  in- 
to a globule,  which  at  firfl  bubbles,  but  foon 
grows  quiet,  and,  although  of  a white  heat,  is 
but  flowly  confumed.  The  white  arfenic  quick- 
ly flies  off,  not  being  capable  of  enduring  fu- 
fion, and  much  lefs  ignition. 

If  the  affufed  acid  be  evaporated  to  drynefs, 
the  repetition  of.  this  operation  fixes  the  arfe- 
nic more  and  more,  by  carrying  off  the  phlo- 
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giflon,  but  fcarcely  exhibits  the  arfenical  acid 
pure. 

The  fame  thing  happens  with  the  nitrous 
acid  : When  diluted,  it  diffolves  the  calx,  which, 
on  cryflallization,  appears  nearly  under  the 
form  of  white  arfenic,  but,  in  its  nature,  is  a 
true  middle  metallic  fait,  which  is  difficultly 
foluble  in  water,  and  expofed  to  flame  upon 
charcoal,  exhibits  the  fame  phaenomena  with 
thofe  exhibited  by  the  vitriol  of  arfenic  above 
mentioned,  but  is  confumed  fomewhat  more 
quickly. 

Concentrated  nitrous  acid  deprives  the  calx 
of  its  phlogiflon  more  effectually  ; and,  by  a 
proper  quantity,  if  evaporated  to  drynefs,  the 
calx  may  be  brought  to  fuch  a flate  that  the 
acid  alone  fhall  remain.  That  fubftance  which 
is  commonly  called  gum  of  arfenic,  is  nothing 
but  arfenic  more  or  Id’s  dephlogifticated,  but 
always  more  fo  than  white  arfenic. 

The  marine  acid  contains  phlogiflon  as  one 
of  its  principles ; it  therefore  attacks  white  arfe- 
nic in  a difleieni  way.  When  concentrated3 
and  boiling,  it  diffolves  | its  own  weight,  of 
which  no  fmall  portion  again  fpontaneoufly  fe- 
parates  upon  cooling,  but  is  faturated  with  ma- 
rine acid.  This  fait,  which  may  alfo  be  had 
m a cry fhalline  form,  is  much  more  volatile 
than  the  former,  nor  does  it  by  any  means  en- 
dure ignition  ; in  a clofe  veffel  it  ail  readily  fu- 
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blimes,  and  is  fparingly  foluble  in  boiling  wa- 
ter (§  ix.  d.).  This  folution  is  of  a fine  yel- 
low, and  fcarcely  differs  from  butter  of  arfenic, 
except  in  its  degree  of  concentration.  The 
very  nature  of  marine  acid  prevents  the  acid  of 
arfenic  from  being  difengaged  by  its  means ; 
which  yet  is  eafily  made  to  appear,  if  to  a folu- 
tion of  white  arfenic,  in  boiling  marine  acid, 
be  added  double  the  weight  of  nitrous  acid ; 
the  liquor  being  then  evaporated  to  drynefs,  the 
arfenical  acid  will  remain,  which,  in  order  to 
free  it  from  any  foreign  acid,  fhould  be  urged 
by  fire  until  it  begins  to  be  ignited.  By  this 
method  ioo  parts  of  white  arfenic  yield  about 
80  of  dry  acid.  In  this  operation,  the  nitrous 
acid  ads  more  readily  upon  the  phlogifton  of 
the  white  arfenic  than  when  it  is  poured  on  the 
powdered  arfenic ; as,  in  the  former  cafe,  the 
folution  effeds  a more  perfed  divilion  of  the 
arfenic.  Hence  it  alfo  appears  why  w'hite  arfe- 
nic is  diffolved  in  greater  quantity,  and  with- 
out any  fubfequent  cryftallization,  by  aqua  re- 
gia than  by  any  other  acid. 

The  phlogifticated  alkali  precipitates  metals 
diffolved  in  acids,  yet  leaves  arfenic  nearly  un- 
touched, both  in  vitriolic  and  nitrous  acids,  and 
in  aqua  regia  *,  which  happens  either  from  the 
fmn.ll  quantity  of  the  matter  diffolved,  or  from 
its  nature  being  changed.  From  the  marine  a- 
dd  it  feparates  arfenic,  of  a white  colour  : In 
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this  cafe  error  is  carefully  to  be  avoided  ; for 
the  folution  may  be  precipitated  by  water  a- 
lone,  unlefs  the  quantity  of  marine  acid  be 
large  ; befides,  the  difengaged  alkali,  which  is 
frequently  found  in  this  lixivium,  mull:  be  fatu- 
rated  by  the  acid. 

Marine  acid  is  dephlogifticated  by  degef- 
tion  with  manganefe,  and  is  refolved  into  a red 
vapour,  which  in  a clofe  vefiel  fpoils  a certain 
quantity  of  white  arfenic,  dilfolved  in  water, 
of  its  inflammable  principle,  fo  that  the  veflel 
is  found  to  contain  feparately  water,  acid  of  ar~ 
fenic,  and  marine  acid  regenerated  ; the  firfl:  of 
thefe  may  be  obtained  alone  by  evaporation  to 
drynefs. 

The  power  of  the  other  acids  upon  arfenic 
has  not  yet  been  fufEciently  examined.  The  a- 
cids  of  arfenic  and  of  flour  diflolve  it,  and  form 
cryftaline  grains  ; and  that,  fedative  fait  has  the 
fame  effeft,  1 hardly  entertain  a doubt  ; al- 
though it  muft  be  confefled  that  borax,  which 
is  faturated  with  that  acid,  does  not  precipitate 
arfenic  dilfolved  in  water.  The  acid  of  fugar 
eafily  takes  up  white  arfenic,  and  yields  priima- 
tic  cryftals ; the  fame  is  nearly  true  of  the  acid 
of  tartar.  Vinegar,  and  the  acids  of  ants,  and 
of  phofphorus,  alfo  attack  it,  and  yield  cryftal- 
line  grains,  which  are  fcar^ely  foluble  in  wa- 
fer, nor  have  they  yet  been  found  to  contract 
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any  union  with  that  fluid  in  the  way  of  delique- 
fcence. 

From  what  has  been  faid,  it  appears  plainly, 
that  folutions  of  arfenic,  made  in  acids,  in  cer- 
tain cafes,  depart  from  their  ufual  nature;  which 
we  have  already  (hewn  to  be  owing  to  the  ad- 
herence of  the  phlogiilon  being  lb  loofe,  that 
the  acid  of  arfenic  is  readily  let  at  liberty. 

(d)  Ihe  fixed  alkalis  diffolved  in  water  take 
up  white  arfenic  ; and  if  by  means  of  heat  they 
be  loaded  with  it,  a brown  tenacious  mafs  is 
produced,  which  acquires  folidity,  is  of  a dif- 
agreeable  fmell,  and  is  called  hepar  arfenici. 
The  arfenic  is  partly  precipitated  by  mineral  a- 
cids,  though  a portion  of  it  gradually  lofes  its 
phlogifton,  and  adheres  more  tenacioufly. 

A folution  made  with  volatile  alkali  feems 
to  effect  this  decompofition  more  readily,  as  no 
precipitation  is  occafioned  in  it  by  acids. 

(eJ  A limpid  folution  of  faline  hepar,  drop- 
ped gently  into  a folution  of  white  arfenic, 
floats,  forming  upon  the  furface  a gray  flratum, 
which  at  length  diflurbs  the  whole  of  the  li- 
quor. 

(f)  White  arfenic,  diffolved  in  water  by  the 
afli fiance  of  heat,  attacks  fome  metals,  particu- 
larly copper,  iron,  and  zinc,  nay  the  two  lafl 
folutions,  yield  cryftals  by  evaporation.  Thefe 
compounds  are  not  vifibly  changed,  either  by 
acid  or  alkaline  fubflances.  Volatile  alkali  does 
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not  difcover  the  copper  by  a blue  colour,  nor 
in  the  martial  folution  does  phlogifticated  alka^ 
li  occafion  any  blue  fediment.  The  caule  of 
thefe  phsenomena  is  to  be  fought  for  in  the  fu-? 
perabundance  of  phlogifton  : For  the  acid  of 

arfenic  takes  up  all  metals  ; united  with  copper 
it  is  diffolved  by  the  volatile  alkali,  with  a blue 
colour,  and  joined  with  iron  it  exhibits  Pruf- 
fian  blue  in  the  ufual  way  : The  phlogifton 

which  coagulates  the  acid  into  white  arfenic, 
is  the  fubftance  which,  in  thefe  mixtures,  con- 
ftitutes  the  only  material  difference. 

§ viii.  Mineralized  Arfenic . 

* 

We  have  already  obferved  that  arfenic,  both, 
reguline  and  calcined,  may  be  united  with  ful- 
phur  (§  hi.  vi.).  Nature  Ipontaneoully  pro- 
duces thefe  mineralizations  yellow  or  red,  fome- 
times  pellucid  and  cryftallftie  ; the  yellow  feem 
to  affeft  a lamellated  form,  the  red  a prifmatic. 

In  the  roafted  heaps  of  arfenical  ores,  there 
frequently  are  found  beautiful  cryftals,  partly 
tetraedral,  partly  o&aedral,  forne  of  which  are 
hollow  pyramids  trigonal  or  tetragonal,  each 
triangle  being  compofed  of  filaments  refpe&ive- 
ly  parallel  to  the  fides.  Thus  an  hollow  trigo- 
nal pyramid,  frequently  filled  up  with  leffer  py- 
ramids continually  decreafing  in  fize,  forms  a 
fetraedrum  j but  8 tetraedra,  properly  difpofed,^ 

form 
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form  an  o&aedron.  Thus  in  the  via  ficca  is 
formed  a ftru&ure  entirely  fimilar  to  that  which 
common  fait,  digeftive  fait,  and  perhaps  all 
others,  affume  in  the  way  of  folution. 

Iron,  at  the  fame  time,  entering  thefe  mine- 
ralizations, renders  the  colour  white,  together 
with  a polilhed  and  metallic  appearance.  To 
this  clafs  belong  the  ores  which  are  commonly 
called  white  or  arfenical  pyrites.  Arfenic  with 
fulphurated  filver  forms  the  red  ore  of  filver, 
and,  with  fulphurated  filver  and  copper,  the 
white  or  grey  ore  of  filver ; it  appears  to  be 
only  mechanically  mixed  with  the  cryftallized 
ores  of  tin,  and  the  calcined  ores  of  cobalt. 

The  fpecihc  gravity  of  orpiment  is  5,315, 
but  that  of  realgar  about  3,225. 

Orpiment  and  realgar  fublime  totally  in  a 
gentle  heat,  unlefs  they  be  mixed  with  other 
fubftances  \ yet  they  fuflain  fufion,  and  the  for- 
mer of  them  is  thence  made  red.  The  arfeni- 
cal pyrites  yields  a fublimate  more  or  lefs  white, 
in  proportion  to  the  quantity  of  fulphur ; but 
th<*  greater  part  of  it  does  not  fublime,  but  re- 
mains at  the  bottom. 

§ tx.  Properties  of  Mineralized  Arfenic  mixed 
by  the  Via  Sicca  with  other  Subjlances . 

(a)  Of  thofe  metals  which  readily  unite  with 

fulphur  and  arfenic,  a certain  quantity  may  be 

united 
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united  with  orpiment  and  realgar.  We  have 
already  mentioned  the  done  called  pyrmifon 
(§  vi.  e.)9  and  many  other  ores  of  this  kind 
(§  viii,),  which  may  alfo  be  artificially  imitated. 
Silver,  mineralized  by  fufion  with  orpiment, 
yields  the  red  ore  of  filver.  The  reft  may  be 
formed  ftill  more  eafily. 

(b)  Nitre  is  alkalized  by  mineralized  arfe- 
nic,  for  it  detonates  partly  with  the  fulphur, 
partly  with  the  arfenic,  which,  when  minerali- 
zed, is  always  found  in  a form  nearly  reguline. 
The  alkali  thus  difengaged,  either  forms  a fal 
polychreft  with  the  acid  of  the  fulphur,  or  unites 
intimately  with  the  arfenic  (§  vt.  d.). 

(c)  Fixed  alkali,  added  in  proper  quantity, 
either  to  orpiment  or  realgar,  and  expofed  to 
a fub liming  heat,  fixes  the  fulphur,  but  difchar- 
ges  the  gieateft  part  of  the  arfenic  ; yet  the  he- 
patic mafs  retains  a fmall  quantity  of  it,  and,  if 

the  alkali  abounds,  fcarce  anv  of  the  arfenic 
rifes. 

(d)  Orpiment,  on  didillation  with  double  or 
triple  its  quantity  of  corrofive  fublimate,  yields 
two  liquids  which  refufe  to  mix ; at  length,  on 
increafing  the  heat,  a cinnabar  arifes.  In  the  re- 
cipient, a butter  of  arfenic  is  found  at  the  bot- 
tom, pellucid,  of  a ferruginous  brown,  which, 
in  the  open  air,  at  firft  fends  copioufiy  forth  a 
vjfible  white  finoke,  and  attrafts  the  moifture 
of  the  atrnofphere,  by  which  it  is  gradually  pre- 
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cipitated.  The  genefis  of  the  butter  has  beeit 
already  explained  (§  hi.  d.  ; vi.  c.);  it  is  very 
remarkable  that  it  unites  with  marine  acid  fo 
llowly,  that  they  feem  to  repel  one  another,  nor 
can  they  be  made  to  unite  beyond  a certain  de- 
gree. Diffilled  water  added  to  the  butter  pre- 
cipitates a white  powder,  which,  though  ever 
io  well  wafhed,  retains  fomewhat  of  acidity;  for 
a portion  of  butter  of  arfenic  is  yielded  on  di- 
flillation  ; a circumffance  which  is  alfo  true  of 
Algarotti’s  powder.  The  fmoke  affe&s  the  or- 
gan of  fmell  with  a peculiar  penetrating  odour, 
fomewhat  refembling  that  of  phlogifticated  vi- 
triolic acid,  and  depofits  white  flowers. 

The  fupernatant  liquor,  which  authors  com- 
pare to  oil,  is  yellowifh  and  pellucid  ; with  wa- 
ter, and  fpirit  of  wine,  it  quickly  feparates  a 
white  arfenical  powder ; is  not  difturbed  by  the 
fironger  acids ; with  alkalis  it  effervefces,  and 
is  precipitated.  If  it  be  kept  in  a cucurbit  with 
a long  neck,  and  unflopped,  white  flowers  gra- 
dually concrete  round  the  orifice;  thefe  are  lax, 
and  fometimes  approaching  to  a cryflalline  form. 
Finally,  by  fpontaneous  evaporation,  pellucid 
cryftals  appear  at  the  bottom  of  the  liquor, 
which  are  very- difficultly  foluble  in  boiling  wa- 
ter, but,  when  diflblved,  precipitate  filver  from 
nitrous  acid,  and,  on  the  addition  of  an  alkali, 
let  fall  fome  arfenic.  In  lime-water,  a white 
cloud  flowly  furrounds  them ; expofed  to  the 
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lire,  they  neither  decrepitate  nor  lofe  their  tranf- 
parency,  but  totally  fublime  without  any  arfe- 
nical  fmell,  which  yet  immediately  appears,  if 
ignited  phlogifton  comes  into  contadt  with  them. 
No  traces  of  mercury  appear  in  this  liquor,  ei- 
ther by  alkali  or  copper;  undoubtedly,  if  any 
fublimate  was  prefent,  it  would  remain  in  the 
water  after  the  precipitation  of  the  arfenic.  Ter- 
ra ponderofa,  dilTolved  in  marine  acid,  and 
dropped  into  this  liquor,  does  not  form  even 
the  flighted  congrumation,  fo  that  there  is  nd 
vitriolic  acid  prefent. 

From  what  has  been  faid,  it  appears,  that  the 
fupernatant  liquor  is  no  other  than  a very  dilute 
butter  of  arfenic,  which,  on  account  of  the  wa- 
ter, contains  lefs  arfenic.  Fhe  butter  contains 
the  acid  in  its  highefl  degree  of  concentration, 
and,  therefore,  loaded  with  a larger  quantity  of 
arfenic  ; the  former  liquor  will  therefore  be 
more  abundantly  obtained,  if  the  mixture  of 
corrofive  fublimate  and  arfenic  be  fet  to  (land 
a night  in  a cellar,  or  moiftened  with  water, 
before  it  is  fubjedted  to  diftillaticn.  As  the 
common  marine  acid  can  diflolve  only  a deter- 
minate quantity  of  the  butter,  it  follows,  that 
what  remains  after  complete  faturation  fhould 
totally  refufe  to  mix.  Marine  acid  too  much 
diluted  precipitates  the  butter ; but,  in  propor- 
tion as  it  is  ftronger,  it  diffolves  a greater  quail- 
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§ x.  Properties  of  Mineralized  Arfenic  mixed 
by  Solution  with  other  Subjlances. 

(a)  Water  has  no  e!Te£t  on  mineralized  arfe- 
nic. 

(b)  The  acids  operate  according  to  circum- 
dances,  efpecially  the  nitrous  acid  and  aqua  re- 
gia ; the  former  menftruum,  if  concentrated, 
foon  dedroys  the  red  colour  of  realgar,  but  does 
not  affeft  the  yellownefs  of  orpiment,  for  its 
primary  aftion  is  to  calcine  the  arfenic,  which, 
in  realgar,  mud  necelfarily  change  the  red  co- 
lour to  a yellow. 

Aqua  regia,  by  long  digedon,  takes  up  the 
arfenic,  but  fo  as  to  leave  the  fulphur  alone  at 
the  bottom;  hence  we  may  difeover  the  propor- 
tion of  fulphur  to  arfenic.  But  this  operation 
mud  be  fkiifully  performed,  led,  on  the  one 
hand,  by  the  inertnefs  or  infufficient  quantity  of 
the  mendruum,  fome  part  which  fihould  be  ta- 
ken away  remain  untouched ; or,  on  the  other, 
led  that  portion  which  fhould  remain  entire  be 
diminifhed.  .The  colour  of  the  refiduum  ought 
to  be  altogether  gray  ; for,  fo  long  as  any  yel- 
low particles  remain  mixed  with  it,  fome  of  the 
arfenic  alfo  remains.  By  too  much  heat,  or 
too  long  boiling,  efpecially  if  the  nitrous  acid 
be  drong,  more  or  lefs  of  the  fulphur  is  alfo 
dedroyed  ; for  the  nitrous  acid  takes  away  the 
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principle  of  inflammability  from  the  vitriolic, 
fo  as  to  let  the  latter  at  liberty. 

If  iron  be  prefent  in  the  mineralization,  it  is 
all  difl'olved,  in  virtue  of  its  fuperior  attraction, 
before  the  arfenic  is  adted  upon,  unlefs  it  be  too 
much  calcined  during  the  operation,  either  by 
heat,  by  the  accefs  of  air,  or  by  the  great  power 
of  the  menflruum. 

The  red  ore  of  filver  is  completely  decompo- 
fed  by  aqua  fords,  which  takes  up  the  filver  and 
the  arfenic,  fo  that  the  fulphur  alone  remains  at 
the  bottom;  by  this  method,  ioo  parts  of  the 
tranfparent  cryftals  yield  about  60  of  filver,  27 
of  arfenic,  and  13  of  fulphur  : Iron  is  not  always 
prefent. 

The  white  ore  of  filver,  firft  treated  with 
aqua  fortis,  lets  fall  the  filver  and  copper,  and 
then  yields  the  remainder  of  the  arfenic  to  aqua 
regia ; fo  that,  at  length,  the  fulphur  may  be 
obtained  pure.  The  difl'olved  filver  may  be  pre- 
cipitated by  copper.  . ' 

(c)  Caultic  fixed  alkali,  boiled  in  water  with 
orpiment,  yields  a foetid  hepatic  folution,  called 
by  fome  a fympathetic  ink. 

Orpiment  boiled  in  water,  with  double  the 
weight  of  quick-lime,  affords  a liquor  which 
may  be  employed  for  proving  wines : In  this 
cafe  the  hepar  calcis  operates.  Thcfe  folutions, 
upon  the  addition  of  acids,  depofit  both  the  ful  - 
phur and  the  arfenic.  ‘ 
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(d)  Oils  too,  aflided  by  heat,  diffolve  both 
orpiment  and  realgar. 

§ xi.  Ufes  of  Arfenic. 

Concerning  the  ufes  of  this  metallic  fubdance 
we  can  only  treat  in  a very  flight  way. 

It  can  hardly  be  doubted  but  that  it  may  be 
applied  to  valuable  purpofes  in  medicine ; and 
experiments  have  long  fmce  put  that  matter  en- 
tirely out  of  doubt ; but,  with  refpeCt  both  to 
its  dofe  and  preparation,  the  utmod  caution  is 
necefTary.  From  the  properties  difclofed  by  the 
foregoing  experiments,  it  appears  that  this  mod 
virulent  of  all  poifons  a£ts  in  the  manner  of  an 
highly  corrofive  acid,  and  that  even  externally 
(§  v.).  Since,  then,  phlogidon  and  alkalis  are 
the  mod  powerful  correctors  of  acid  acrimony, 
it  will  readily  occur  how  it  may  be  mitigated, 
and  its  deleterious  effeCts  obviated.  Hence, 
too,  it  appears  why  realgar  is  lefs  noxious,  why 
the  regulus  is  milder  than  white  arfenic,  and 
this  again  milder  than'  the  dry  acid  ; and  why 
the  baths  of  Carfbbad,  which  contain  a mineral 
alkali  only,  united  with  aerial  acid,  are  extreme- 
ly ufeful  in  difeafes  occafioned  by  arfenic ; why 
arfenic  taken  internally,  without  the  necefTary 
correction,  occafions,  by  its  irritating  quality, 
ponvulfive  motions,  among  other  fyrnptoms, 
both,  in  the  domach  and  other  parts  of  the  bo- 
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dy.  To  pafs  over  other  matters,  which,  from 
the  chemical  analyfis  of  arfenic,  might  be  ufe- 
ful  in  the  practice  of  medicine,  this  only  I add, 
that  of  all  the  metals  arfenic  molt  eafily  lofes  its 
phlogifton  (§  11.)  ; therefore  we  fhould  be  cau- 
tious in  confiding  to  phlogiftic  correctors,  as 
the  phlogifton  may  be  feparated  in  the  vifcera 
by  many  different  ways.  The  inftance  of  a 
man  poifoned  by  arfenic,  who  was  diffected  in 
the  anatomical  theatre  at  Upfal,  {hewed  that 
the  penetrating  garlic  fmell  may  be  excited 
fimply  by  a tendency  to  the  putrefactive  fer- 
mentation. 

The  pfilothrum  turcicum  contains  orpiment, 
among  other  fubftances  ; but  its  depilatory 
power  is  perhaps  more  properly  afcribed  to  die 
cauflic  alkali. 

Philofophers  are  wont  to  evince  the  extraor- 
dinary porofity  of  bodies,  and  the  wonderful 
fubtilty  of  vapours,  by  the  fympathetic  ink 
(§  x.  c.) ; for  writing  made  with  vinegar  of 
litharge,  by  itfelf  invifible,  expofed  to  the  va- 
pour of  this  liquor,  becomes  in  a few  minutes 
of  a brown  colour,  even  though  a great  many 
folds  of  paper  be  interpofed. 

Wines  naturally  acid,  or  grown  fo  by  age, 
ftill  continue  to  be  edulcorated  by  lead,  not- 
withftanding  the  punifhments  attending  the  de- 
tection of  this  fraud.  It  is  therefore  of  great 
eonfequence  to  be  in  poffeflion  of  an  pafy  rae- 
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thod  of  discovering  fuch  a fophiftication.  Fof 
this  purpofe  the  probatory  liquor  (§  x,  c.)  is 
commonly  employed ; for  this,  when  dropped 
into  pure  wine,  occafions  nothing  but  a yellow 
precipitate,  but,  when  the  wine  is  adulterated, 
a brown  or  black.  This  may  alfo  be  done  by 
a faline  hepar ; but  fraud  and  avarice  have  con- 
trived methods  of  eluding  this  proof,  unlefs 
chemiftry  lend  its  afiiffance ; for,  if  a fmall 
quantity  of  chalk  be  contained  in  the  wine,  the 
ialine  hepar  fails ; for  the  white  calcareous 
earth  falling,  diminifhes  the  blacknefs.  A large 
proportion  of  tartar  renders  the  probatory  liquor 
inefteftive,  as  the  tartareous  acid  forms  with 
the  lime  a white  fait  very  difficult  of  Solution. 

Arfenic  Sometimes  enters  metallic  composi- 
tions, efpecially  copper  and  tin ; but  it  is  much 
to  be  wifhed  that  fuch  compositions  w'ere  ba- 
nifhed,  at  lead  from  the  kitchen.  Shot  made 
of  lead  is  fometimes  hardened  by  orpiment. 

Regulus  of  arfenic  enters  into  the  composi- 
tion of  Meuder’s  phofphorus.  The  power  of 
the  calx  in  vitrification  was  long  Since  known 
to  Geber,  and,  therefore,  it  is  frequently  em- 
ployed in  glafs-houfes,  either  for  facilitating  fu- 
sion, for  acquiring  a certain  degree  of  opacity, 
or,  finally,  for  carrying  off  phlogiflon.  The 
method  in  which  mountain  cry  dais,  placed  over 
•orpiment,  white  arfenic,  crude  antimony,  and 
fal  ammoniac,  mixed  in  a crucible,  are  tinged 

by 
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by  means  of  heat,  is  defcribed  by  Neri  5 and, 
upon  trial,  this  is  found  to  be  true : I have  thus 
obtained  thefe  cryftals  beautifully  marked  with 
red,  yellow,  and  opal  fpots,  but  at  the  fame 
time  cracked,  which  could  fcarcely  be  avoided. 

- In  painting,  too,  the  artifts  fometimes  em- 
ploy arfenic.  Painters  in  oil  frequently  ufe 
both  orpiment  and  realgar  ; and  it  is  probable 
that  wood,  covered  with  a pigment  mixed  with 
white  arfenic,  would  not  be  liable  to  be  fpoiled 
by  worms.  A moll  beautiful  green  pigment 
may  be  precipitated  from  blue  vitriol,  by  means 
of  white  arfenic  diifolved  in  water,  together  with 
vegetable  alkali  ; this,  prepared  either  with 
water  or  oil,  affords  a colour  which  fuffers  no 
change  in  many  years.  The  playthings  of 
children,  however,  fliould  not  be  painted  with 
this,  or  any  other  preparation  of  arfenic,  on 
account  of  their  cuflom  of  putting  every  thing 
into  their  mouths. 
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DISSERTATION  XXII. 


OF  THE 


ORES  OF  ZINC. 


§ I.  Hijlorical  Introduction. 

H E femi-metal,  which  at  prefent  is  called 


Zinc,  was  not  known  fo  much  as  by 
name  to  the  ancient  Greeks  and  Arabians.  The 
name  which  it  bears  at  prefent  firfl  occurs  in 
Theophraftus  Paracelfus  ( a ) ; but  no  one  as 
yet  has  been  able  to  difcover  the  origin  of  this 
appellation.  A,  G.  Agricola  calls  it  contre- 
feyn  (J?)  ; Boyle,  fpeltrum  ( c ) : By  others  it  is 
denominated  fpeauter,  and  Indian  tin  (d).  Al- 
bertus  Magnus,  more  properly  called  Bolftadt, 
who  died  in  1280  (<?),  is  the  fir  ft  who  makes 


exprefs 


(a)  In  operibus,  paffim.  (i)  Dc  re  metallica. 

( c ) Ponderab.  flammx.  (d)  Fceda  trifida  chy- 


aaica. 


(<?)  In  libro  mineralium. 
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cxprefs  mention  of  this  femi-metal.  He  calls 
it  golden  marcafite,  aflerts  that  it  approaches  to 
a metallic  nature,  and  relates  that  it  is  inflam- 
mable. However,  as  zinc  is  white,  the  name 
of  golden  marcafite  is  not  very  proper  ; it  would 
therefore  appear  probable,  that  it  derives  that 
name  from  the  golden  colour  which  it  commu- 
nicates to  copper,  had  not  Albertus  exprefsly 
faid,  that  copper  united  with  golden  marcafite 
becomes  white  j but  he  has  probably  either 
mifunderftood  or  mifreprefented  what  he  had 
heard  related  by  others.  It  may  alfo  happen 
that  zinc  was  formerly  thought  to  contain  gold. 
J.  Matthefius,  in  1562,  mentioned  a white  and 
a red  zinc  (/);  but  the  yellownefs  and  rednefs 
are  only  to  be  underflood  of  the  ores.  Hol- 
landus,  Bafil  Valentine,  Aldrovandus,  Cccfius, 
Caefalpinus,  Fallopius,  and  Schroeder,  obferve 
a profound  filence  on  that  head  (g). 

The  eaftern  Indians  having  long  fince  been 
in  pofleflion  of  the  method  of  extracting  pure 
zinc  from  the  ore,  at  lead  in  the  courfe  of  the 
laft  century,  this  metal  was  brought  from 
thence  to  Europe.  Jungius  mentions  the  im- 
portation of  zinc  from  India  in  1647  (A).  A 
metal  of  this  kind,  under  the  name  of  tutenag, 
is  ftill  brought  from  thence,  which  mull  be 

carefully 

(/)  Sarepta."  (^)  Pott  on  Zinc. 

(/$)  De  mincralibus. 
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carefully  diftinguilhed  from  the  compound  me- 
tal of  that  name.  G.  E.  Van  Lohneifs  tells  us, 
in  1617,  that,  a long  time  before,  zinc  had  been 
collefted  by  rufion  at  Collar  (/).  It  has  been 
long  ufual  to  form  orichalum  from  the  ores  of 
zinc  by  the  addition  of  copper ; but  it  does  not 
yet  appear  at  what  time  this  art  was  invented. 
Pliny  makes  mention  of  the  orichalum,  as  alfo 
of  three  fpecies  of  Corinthian  vafes,  one  of 
which  is  yellow,  and  of  the  nature  of  gold  ( k ). 
Erafmus  Ebner  of  Norimberg,  in  the  year  1550, 
was  the  firft  who  ufed  the  cadmia  of  Goflar  for 
this  purpofe. 

In  the  year  1721,  Henckel  indeed  mention- 
ed that  zinc  might  be  obtained  from  lapis  ca- 
laminaris,  by  means  of  phlogifton,  but  he  con- 
ceals the  method  (/).  The  celebrated  Anton. 
Van  Swab,  in  1742,  extracted  it  from  the  ores 
by  diftillation,  at  Wefterwick  in  Dalecarlia  (m). 
It  was  determined  to  found  a work  for  the  pur- 
pofe of  extracting  larger  quantities  of  this  femi- 
metal;  but  afterwards,  for  various  reafons,  this 
project  was  laid  afide ; therefore  the  illuftrious 
Margraaf,  not  knowing  what  had  been  done 
by  the  Swedilh  mineralogifts,  in  the  year  1746, 

publilhed 

(/)  Bericht  von  Bergvercken.  (i)  Hid.  Nat. 

xxx.  c.  2.  (/)  Pyritologia.  (m)  Elogium 

magni  liujus  metallurgi  coram  R.  Acad.  Stock,  reci- 
tatum. 
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publifhed  a method  of  performing  this  opera* 
tion,  which  he  had  difcovered  himfelf  (n). 

dt  is  not  known  how  zinc  is  extracted  in 
China.  A certain  Englifhman,  who  feverai 
years  ago  took  a voyage  to  that  country  for 
the  purpofe  of  learning  the  art,  returned  fafely 
home,  indeed,  and  appears  to  have  been  fuffi- 
ciently  inftructed  in  the  fecret,  but  he  carefully 
concealed  it.  We  find  afterwards  that  a ma- 
nufactory had  been  eftablifhed  at  Briftol,  where 
zinc  is  faid  to  be  obtained  by  diftillation  per 
defcenfum.  We  have  already  feen  that  it  had 
been  before  obtained  in  Sweden  by  diftillation 
per  afcenfum,  which  afterwards  was  effected  in 
larger  quantity,  by  Meff.  Cronftedt  and  Rin- 
man,  two  very  celebrated  mineralogifts  and  me- 
tallurgifts. 

The  difficulties  occafioned  by  the  volatile  and 
combuftible  nature  of  this  metal,  for  a long 
time  retarded  the  knowledge  of  the  ores  con- 
taining it ; nor  is  that  wonderful,  as,  being  of 
a metallic  form,  it  has,  even  to  our  times,  been 
confidered  as  compofed  of  two  or  three  ingre- 
dients. Albertus  Magnus  thinks  iron  an  in- 
gredient ; Paracelfus  called  it  a fpurious  fon  of 
copper ; Lemery  holds  it  to  be  a fpecies  of  bif- 
muth ; Glauber,  and  many  alchemifts,  confider 
it  merely  as  an  immature  folar  fulphur ; Horn. 

berg. 


(?)  Mem.  de  PAcad.  de  Berlin. 
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berg,  as  a mixture  of  tin  and  iron ; Kunckel,  as 
a coagulated  mercury  $ Schluter,  as  tin  made 
brittle  by  fulphur,  &c. 

The  ore,  which  refembles  true  galena,  is  cal- 
led pfeudo  galena ; and  is  for  that  reafon,  per- 
haps, by  the  inhabitants,  called  blende,  as  in 
texture  and  fplendour  it  refembles  the  blends, 
though  it  contains  no  filver.  The  celebrated 
Brandt,  in  1735,  .fhewed,  that  this  contained 
zinc  (o')  ; and  foon  after  D.  Swab  actually  ex- 
tracted it  from  the  Bolognian  pfeudo  galena, 
which  poflefles  a metallic  fplendour.  The  Ba- 
ron Funch,  in  1744,  determined  the  prefence 
of  zinc  in  pfeudo  galena  from  the  flame  and 
the  flowers  ( p)  \ and  in  1 746  Mr  Margraaf  fet 
the  matter  out  of  doubt. 

Zinc  cannot  be  united  with  fulphur  alone, 
yet  is  found  joined  with  it  in  the  pfeudo  ga- 
lena ; and  this  conjunction  Mr  Cronftedt  (q) 
thinks  is  effected  by  means  of  iron ; but  Mr 
Sage  (r)  fuppofes,  that,  in  this  inftance,  an  ear- 
thy hepar  is  formed  by  means  of  lime. 

Julius,  in  the  year  1570,  undertook,  at  Ram- 
melfberg,  the  preparation  of  a certain  fait, 
which  he  called  Ertz-alaun,  but  which  we  now 
meet  with  under  the  name  of  Gallizenftein. 

No 


(0)  Act.  Upfal.  (/>)  Aft.  Stockholm. 

( q ) Cronftedt  Mineralog.  ( r ) Mem.  de  l’Acad. 

de  Paris,  1771. 
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No  one,  before  1735,  knew  the  true  compofi- 
tion  of  this  fait ; but,  about  that  time,  D.  Brandt 
publilhed  two  obfervations  explaining  its  na- 
ture; for  he  found  that  this  fait  calcined,  and 
then  treated  with  charcoal-duft  and  copper, 
formed  brafs  ; and  alfo  that  zinc,  diredtly  dif- 
folved  in  vitriolic  acid,  formed  a fait  of  the  fame 
nature  as  gallizenftein.  In  the  fame  year  Mr 
Hellot  communicated  the  latter  of  thefe  expe- 
riments, made  by  himfelf,  to  the  Royal  Acade- 
my at  Paris,  proving  that  white  vitriol  is  a mid- 
dle fait  competed  of  zinc  and  vitriolic  acid. 

Mr  Sage  has  lately  attempted  the  analyfis  of 
lapis  calaminaris,  in  which  he  aflerts  that  zinc 
is  mineralized  by  marine  acid.  The  fame  au- 
thor Contends,  that  zinc  is  found  in  manganefe 
(/);  and  Dr  Bayen  relates,  that  he  difeovered 
it  in  the  white  ores  of  iron  (*)  : But  they  have 
both  miftaken  manganefe  for  zinc  (u). 

5 11.  Zinc  is  prefented  to  ns  by  Nature  under  a 
Variety  of  Forms. 

It  is  not  yet  certain  whether  zinc  be  ever 
found  native,  unlefs  we  fuppofe  the  gray,  flex- 
ible, metallic,  inflammable  filaments,  furround- 

ed 


(/)  Mem.  de  PAcad.  de  Paris,  1770.  (,)  Jour- 
nal de  Phyfique,  par  Mr  Rozier,  1776.  fu)  Setf 

the  Treatife  on  the  White  Ores  of  Iron. 
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ed  by  yellow  ochre,  which  Mr  de  Bomare  ob- 
ferved  in  the  neighbourhood  of  Limburg  and 
Rammelfberg,  to  be  produced  folely  by  the 
hands  of  nature  (*).  In  order  to  difcover  their 
true  origin,  they  mud  be  attentively  confidered, 
and  their  nature  folicitoufly  inveftigated  in  the 
matrixes.  In  the  mean  time,  it  will  be  proper 
briefly  to  defcribe  the  habitudes  of  perfect  zinc, 
when  expofed  to  flame  upon  charcoal.  This 
femi-metal  fcarcely  melts  alone  by  the  blow- 
pipe, as  its  whole  furface  is  quickly  covered 
with  a calcined  crult ; but  the  internal  mafs, 
fufed  and  expofed  to  ftrong  heat,  now  and  then 
explodes  with  a beautiful  greenilh  blue  flame, 
and  difperfes  a white  calx. 

A fmall  piece  of  zinc  is  taken  up  with  effer- 
vefcence  by  microcofmic  fait  in  fufion;  at  the 
fame  time  it  fends  forth  many  flafhes,  with  a 
crackling  noife;  but,  if  the  heat  be  too  great, 
it  explodes,  fcattering  about  ignited  particles. 

Borax  takes  up  zinc  with  a degree  of  effer- 
vefcence,  and  the  fufed  regulus  at  firft  tinges 
the  flame.  If  the  blafl  be  intermitted,  it  fends 
forth  a flafh,  and  afterwards  it  is  difficult  to  re- 
produce the  phaenomena;  but  the  regulus  is 
gradually  diminiftied,  and  the  mafs  of  borax 
ipreads  upon  the  charcoal  without  any  explo* 
fion. 


(x)  De  Bomare,  Mineralogic. 


The 
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The  mineral  alkali,  expofed  to  heat  with 
zinc,  in  a filver  fpoon,  corrodes  it,  but  with- 
out any  tinged  flame,  or  any  explofion  (y). 

I he  ores  containing  zinc  differ  much  in  ap- 
pearance and  properties ; but  fo  long  as  the 
uncertainty  of  the  exiftence  of  native  zinc  re- 
mains, they  may,  agreeably  to  their  nature,  be 
divided  into  two  claffes,  fome  containing  the 
femi-metal  fimply  deprived  of  phlogifton,  the 
others  holding  it  mineralized,  either  by  fome 
acids,  or  united  to  fulphur  by  the  means  of 
iron. 


Calcined  Zinc . 

i 

(a)  Pure  zinc,  calcined  in  difcrete  particles, 
is  extremely  rare.  To  this  we  may  refer  the* 
zinc  brought  from  China  by  Grill,  and  de- 
ferred by  Von  Engeftrom  in  the  year  1775 
That  the  comparifon  with  native  zinc  may 
be  more  eafily  made,  it  will  be  neceffary  to 
deferibe  briefly  the  habitudes  of  flowers  of 
zinc,  as  examined  by  the  blow-pipe.  Thefe 
flowers,  expofed  alone  to  the  flame  on  charcoal, 
put  on  a phofphoric  fplendour,  which  vanifhes 

Vo,~  “*  X when 

(.y)  The  Chinefe  zinc,  upon  examination,  yields 
fcarcely  half  a pound  of  lead  in  an  hundred.  The 
zinc  of  Goflar  contains  fomewhat  more ; but  neither 
e one  nor  the  other  yields  the  finallcft  particle  «f 
iron.  (z)  Aft.  Stock. 
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when  the  flame  intermits.  They  alfo  remain 
fixed  and  refractory. 

With  microcofmic  fait  they  are  readily  dif- 
folved  without  fpumefcence.  Upon  cooling, 
the  globule  remains  tranfparent,  if  the  zinc  a- 
mounts  to  lefs  than  double  the  bulk  of  the  fait; 
if  to  more,  the  globule  is  milky.  In  proportion 
as  it  is  more  faturated,  it  adheres  the  lefs  "to  the 
charcoal. 

With  borax  the  fame  thing  happens,  but  the 
flowers  are  more  flowly  taken  up ; and,  in  pro- 
portion as  the  globule  is  more  loaded,  it  ex- 
pands more  upon  the  charcoal. 

In  a filver  fpoon,  with  mineral  alkali,  they 
fuflfer  no  fenfible  change. 

(b)  Calcined  zinc,  mixed  in  various  propor- 
tions with  earthy  and  ferruginous  particles, 
commonly  called  lapis  calaminaris , is  employed 
in  the  compofition  of  brafs  : It  is  of  a ferrugi- 

nous, yellow,  or  white  colour,  and  generally 
hard ; but  the  hardnefs  is  not  the  fame  in  all, 
nor  is  it  fufficient  to  ftrike  fire  with  fteel. 

Thefe  minerals  exhibit  with  the  blow-pipe 
the  fame  phaenomena  as  the  preceding  varie- 
ties, except  thofe  which  abound  in  iron;  for 
the  fubtile  powders  of  thefe  lad,  expofed  to  a 
white  heat,  are  of  a more  obfcure  colour,  and 
are  magnetic  ( a ).  The  microcofmic  fait  con- 
tracts 

fa)  The  celebrated  Rinman,  after  calcining  the  white 

lapis 
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trails  with  them  the  colour  of  fmoked  glafs  ; 
borax  a yellowiih  green ; but  in  both  cafes,  if 
too  much  ore  be  added,  an  opacity  is  produced. 
The  mineral  alkali  grow  black. 

Mineralized  Zinc . 

t 

Zinc  affumes  appearances  foreign  to  its  na- 
ture, in  the  hands  of  nature,  partly  by  its  union 
with  a certain  native  acid,  partly  by  means  of 
fulphur.  Among  the  acids  which  mineralize 
zinc,  no  other  are  yet  known  but  the  aerial  and 
the  vitriolic. 

Aerated  zinc  is  found  concreted  fo  hard,  as 
fometimes  to  ftrike  fire  with  fteel ; it  exhibits 
an  appearance  like  quartz,  upon  breaking,  and 
is,  on  the  furface,  generally  knotty,  ramous,  or 
varioufly  contorted  into  lamellae : This  is  called 
glafs  of  zinc.  And  Mr  Von  Swab  obferved, 
during  diftillation,  that  a matter,  exactly  of 
the  appearance  above  defcribed,  was  produced 
through  the  fmallefl  cranny  in  the  apparatus. 

A variety  of  this  mineral,  brought  from  Eng- 
land, expofed  to  fame  with  the  blow-pipe,  re- 
mained without  liquefaction,  but  cracked,  was 


lapis  calaminaris  of  Aix-Ia-Chapelle  for  the  fpace  of 
• eleven  clays,  in  one  of  the  furnaces  ufed  for  the  prepa- 
ration of  fteel,  found  that  it  adhered  to  the  magnet  al- 
moft  in  the  fame  manner  as  tilings  of  iron. 
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as  it  were  refolved  into  flowers,  and  acquired  a 
more  dilute  colour.  The  fmell  (hews  no  traces 
of  fulphur,  nor  is  it  magnetic  either  before  or 
after  calcination.  The  microcofmic  fait,  and 
alfo  borax,  diffolve  it  without  difficulty;  the 
latter  fomewhat  more  flowly.  The  mineral  al- 
kali fcarcely  takes  up  any ; fo  that  its  habitudes 
much  refemble  thofe  of  the  flowers. 

Artificial  vitriform  zinc  manifefts  the  fame 
properties  as  the  natural,  but  does  not  fplit, 
and  is  more  flowly  and  fparingly  diflolved  in 
the  ufual  fairs. 

(b)  To  this  clafs  alfo  mull  be  referred  the 
variety  which  is  foluble  in  water  by  means  of 
vitriolic  acid.  Mineralogies  very  properly  e- 
numerate  this  among  the  metallic  falts ; yet  it 
mud  not  be  pafled  over  in  a place  where  our 
intention  is  to  fpeak  of  all  the  minerals  which 
contain  zinc  abundantly. 

Pure  vitriol  of  zinc,  expofed  to  the  flame, 
on  fufion,  foams  violently,  and,  finally,  leaves 
behind  a refra&ory  rnafs,  which  does  not  grow 
phofphoric  like  the  flowers. 

This  vitriol,  calcined,  is  readily  taken  up 
with  effervefcence  by  the  microcofmic  fait.  If 
too  much  of  the  vitriol  be  added,  the  globule 
is  of  an  opal  colour.  The  fame  takes  place 
with  borax.  It  unites  at  firft  with  mineral  al- 
kali with  violent  effervefcence ; but  afterwards, 
is  very  little  a&ed  upon. 


% 
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Native  vitriol  of  zinc  is  fcarce  ever  found 
pure,  but  mixed  with  copper  or  iron,  or  both  j 
fo  that  the  phaenomena  vary  in  refpeft  both  of 
the  quantity  and  quality  of  the  heterogeneous 
mixture. 

Zinc,  mineralized  by  fulphur,  produces  va- 
rious colours.  I have  known  it  black,  brown, 
yellow,  greenifh,  and,  finally,  with  a metallic 
fplendour  ; which  laft  is  called  by  Mr  Cronfledt, 
particularly,  the  ore  of  zinc.  The  pfeudo  ga- 
lena puts  on  a fquamous  form,  not  unlike  that 
galena  which  fhines  when  the  little  lamellae  are 
viewed  obliquely.  Sometimes  it  is  found  fe- 
mi-tranfparent,  very  rarely  o&aedral ; it  occurs 
accidentally,  mixed  with  filver,  lead,  copper, 
arfenic,  and  other  metals. 

The  habitudes  vary  a little,  according  to  the 
different  heterogeneous  matters.  For  example, 
we  fhall  defcribe  three  varieties  found  in  Swe- 
den, viz.  the  black  of  Dannemer,  the  red  of 
Sahlberg,  and  the  metallic  one  of  Boval. 

The  fird  of  thefe  does  not  flrike  fire  with 
Reel,  yields  a brown  powder  which  decrepitates 
upon  heating,  fends  forth  a fmoke  of  a fulphu- 
reous  fmell,  and  depofits  upon  the  coal  partly 
white  flowers  (confiding  of  zinc),  and  partly 
yellow  ones  (confiding  of  lead)  : It  is  not  mag- 
netic, either  crude  or  loaded  1 When  expofed 
to  the  flame,  in  fuch  a manner  that  the  divided 

X 3 apex 
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apex  of  the  flame  is  reflected,  it  frequently  ap- 
pears tinged  with  zinc. 

The  iecond  is  little  changed  by  pulveriza- 
tion ; it  Hr  ikes  lire  with  fteel  on  account  of  the 
quartzofe  matrix ; it  neither  decrepitates  nor 
finokes,  and  generates  flowers  but  fparingly ; 
yet  it  fometimes  tinges  the  flame. 

The  third  produces  an  aihen  brown  powder ; 
does  not  decrepitate ; expofed  to  the  apex  of 
the  flame,  it  exfudes  fmali  drops,  and  difperfes 
flowers. 

The  microcofmic  fait  diflblves  the  firft,  and, 
at  the  beginning,  puts  on  an  opaque  whiteneis ; 
but,  when  neaily  an  equal  bulk  is  added,  it 
grows  black.  The  fecond  is  never  entirely 
taken  up  ; for  the  quartzofe  part  of  the  matrix 
remains;  when  loaded,  the  globule  grows  milky. 
The  third  is  diflolved  with  little  effervefcence, 
and  the  globule  is  obfcured,  is  a little  blue  (from 
the  copper),  'but  by  long  fufion  the  tinge  va- 
niflies ; if  continued  too  long,  it  is  rendered 
opaque. 

It  is  to  be  obferved  of  each  of  them,  that, 
during  folurion,  flalhes  break  forth,  fuch  as  are 
defcribed  proceeding  from  the  metallic  zinc, 
but  fmaller,  and  lefs  frequent. 

Borax,  with  a fmali  quantity  of  the  firft, 
grows  yellow,  with  a larger  quantity  black, 
and  that  almoll  without  any  effervefcence.  The 
fecond  is  more  flowly  taken  up,  yielding  a yel- 

lowifli 
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lowifh  green  glafs  5 by  too  much  an  opacity  is 
contracted. 

Mineral  alkali  attacks  the  firft  with  vehe- 
ment ebullition,  producing  grains  of  lead,  al- 
though no  galena  appears  mixed  with  it  even 
by  a°glafs.  The  fecond  is  alfo  taken  up  with 
effervefcence,  forming  an  hepatic  mafs,  which 
is  alfo  true  of  the  third;  but  thefe  yield  no 
metal. 

§ hi.  Analyfis  of  Calcined  Zinc. 

We  fhall  now  examine  a variety  of  lapis  ca- 
laminaris,  which,  in  the  manufactories  where 
brafs  is  prepared,  is  called  Hungarian  lapis  ca- 
laminaris. 

(a;  1 00  lb.  of  this  Hone,  to  which  were  ad- 
ded 1 65  of  concentrated  vitriolic  acid,  gene- 
rated fo  great  a degree  of  heat,  as  to  raife  the 
thermometer  in  a few  moments  from  150  to 
65°,  and  a white  fmoke  breaks  forth,  which 
yet  could  not  pafs  through  the  tube  of  an  alem- 
bic without  the  affiltance  of  fire.  This  fmoke, 
collected  in  diltilled  water,  exhibited  the  fame 
phaenomena  as  are  mentioned  in  the  following 
paragraph,  and,  therefore,  is  of  a vitriolic  na- 
ture (5  IV.  D.). 

(b)  1 00  parts  of  this  mineral,  well  calcined, 
lofes  fcarcely  any  of  its  weight ; fo  that  if  it 
contains  any  aerial  acid,  the  quantity  is  fo  fmall 


as 
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as  not  to  be  fenfible  on  weighing ; for  the  fmall 
obfervable  decrement  muff  be  afcribed  to  the 
humidity.  The  fame  is  alfo  confirmed  by  folu- 
tion  in  acids;  for  no  effervefcence  appears  in 
this  operation. 

(c)  A double  weight  of  nitrous  acid  was 
poured  upon  i oo  of  the  fame  ore,  which  being 
evaporated  to  drynefs,  the  fame  quantity  was 
twice  more  added,  and  in  like  manner  expelled 
by  fire ; this  was  done,  that  the  iron  being  cal- 
cined might  remain  infoluble.  During  this 
operation  the  vapours  were  fomewhat  red. 

The  mafs  being  again  put  into  nitrous  acid, 
the  zinc  alone  was  difl'olved  by  phlogifticated 
alkali,  and  a white  fediment  was  precipitated, 
which,  when  wafhed  and  dried,  weighed  about 
359  lb.  The  infoluble  refiduum,  well  elixated 
and  dried,  weighed  nearly  16  lb.  ; this,  with 
three  times  its  weight  of  concentrated  vitriolic 
acid;  was  evaporated  to  drynefs  in  a fand  bath  ; 
a foliation  was  then  extracted  with  diflilled  wa- 
ter, which  yielded,  by  means  of  phlogifticated 
alkali,  about  12  lb.  of  Pruffian  blue:  The  li- 
quor remaining  produced,  by  fubfequent  cryf- 
tallization,  a true  alum,  but  in  very  fmall  quan- 
tity. 

Finally,  there  remained  12  lb.  which  eluded 
the  force  of  the  acids,  and  which  was  of  a fili- 
ceous  nature. 

(d)  All 


OF  THE  ORES  OF  ZINC.  329 

« 

(d)  All  thefe  being  confidered,  there  , are 
found  in  100  of  this  lapis  calaminaris,  84  of 
calcined  zinc,  3 of  calcined  iron,  about  1 of 
pure  clay,  and  12  of  filiceous  earth. 

(e)  This  analyfis  has  alfo  been  conveniently 
performed  in  another  way.  Firlf,  by  abftrac- 
ting  vitriolic  acid,  then  elixatjng  with  water, 
finally  precipitating  by  caultic  volatile  alkali, 
and  diffolvihg.  The  refiduum,  which  refills 
the  vitriolic  acid,  is  fiiiceous  earth  ; that  which 
refufes  the  volatile  alkali  contains  a calx  of  iron 
with  pure  clay,  which,  when  diflolved  in  vitrio- 
lic acid,  may  be  feparated  by  phlogifticated  al- 
kali. 

(f)  We  lhall  finilh,  by  adding  fomewhat  here 
concerning  the  calx  of  zinc,  artificially  prepa- 
red, which  commonly  goes  by  the  name  of 
flowers  of  zinc.  Thefe  are  eafily  and  totally 
diffolved  by  acids,  generally  without  any  mo- 
tion, but  fometimes  with  a vehement  effervef- 
cence.  Some  flowers,  which  had  been  made  by 
Von  Swab  in  the  year  1742,  were  quietly  dif- 
folved after  the  fpace  of  thirty-feven  years ; 
whereas  others,  made  in  1758,  excited  a vio- 
lent effervefcence  like  chalk,  infomuch  that  one 
would  be  induced  to  fuppofe,  at  firfl,  that  chalk 
was  mixed  with  them  ; but,  upon  examination, 
•nothing  heterogeneous  was  found.  The  elaftic 
fluid  which  was  extricated  fhewed,  upon  exa- 
mination, all  the  properties  of  aerial  acid.  This 

difference 
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difference  is  undoubtedly  occafioned  by  the 
quantity  of  the  aerial  acid  furrounding  the 
mafs  during  calcination*  and  ihews  that  the  de- 
phlogiftication  may  be  effefted  without  the  re- 
ception of  that  acid. 

The  flowers,  which  are  extremely  white,  ex- 
pofed  to  the  aCtion  of  dephlogilticated  marine 
acid  for  fome  days  in  a dole  veffel,  grow  almoft 
black,  but  are  not  (like  white  arfenic)  refolved 
into  an  acid  liquor. 

§ iv.  Analyfis  of  Aerated  Zinc. 

W 

\ 

The  fpecimen  of  aergted  zinc  firft  examined,, 
was  that  brought  from  Holy-Well  in  England, 
the  fame  which  had  been  examined  before  by 
the  blow-pipe  (§  n.). — Of  this 

(a)  ioo  lb.  reduced  into  a fubtile  powder, 
loft  by  calcination  34  lb.  but  did  not  betray  the 
flighted  traces  of  a fulphureous  odour. 

(b)  As  it  diffolves  in  marine  acid  with  effer- 
vefcence,  and  without  any  hepatic  odour,  the 
operation  was  performed  in  a chemico-pneuma- 
tic  apparatus,  in  order  to  examine  the  nature 
of  this  volatile  vapour.  100  lb.  in  this  way 
yielded  only  ten  cubic  inches  of  elaftic  fluid ; 
but  the  water  through  which  it  paffed,  amount- 
ing to  30  inches,  was  found  almoft  faturated. 
In  order,  therefore,  to  determine  it  more  accu- 
rately, it  was  collected  in  mercury,  and  exhi- 
bited 
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bited  about  28  cubic  inches,  which  were  all 
abforbed  by  diftilled  water,  and  imparted  to  it 
all  the  properties  communicated  by  aerial  acid. 
Now,  28  cubic  inches  of  that  acid,  in  a mode- 
rate temperature,  weigh  about  fo  many  alia) 
pounds,  but,  in  calcination,  34  are  loft  : Six 

therefore  remain,  which,  doubtleis,  are  owing 
to  water  *,  for  it  appears  from  (d)  that  no  aerial 
acid  is  prefent. 

(cj  lhe  experiment  was  repeated  in  the  fame 
way,  but  the  vitriolic  acid  employed  inftead  of 
the  marine  ; an  equal  bulk  of  aerial  acid  was 
produced. 

(d)  In  order  to  difcover  whether  any  vefti- 
ges  of  marine  acid  remain  hid  in  this  ore,  to 
100  parts,  reduced  into  a very  fubtile  powder, 
were  added  165  of  concentrated  vitriolic  acid, 
in  a frnall  cucurbit  fitted  with  an  head,  the  ori- 
fice of  whole  tube  was  plunged  under  diftilled 
water.  No  fmoke  or  i’mell  was  perceived.  The 
cucurbit  was  therefore  placed  in  a fand  bath, 
and  lire  being  applied,  the  mixture  at  length 
fent  forth  a white  fmoke,  which  palling  through 
the  water,  there  depofited  whatever  acid  it  con- 
tained ; and  the  water  loaded  with  this  fume 
reddened  paper  tinged  with  turnlole.  Some 
drops  of  a folution  of  nitrated  lilver  were  drop- 
ped into  a fmall  portion  of  this,  upon  which 
clouds  arofe,  but  thefe  quickly  vanilhed  upon 
the  addition  of  a quantity  of  diftilled  water. 

But, 
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But,  as  vitriolated  filver  is  much  more  foluble 
than  falited  filver,  a fufpicion  arofe  of  the 
prefence  of  vitriolic  acid,  which  was  further 
confirmed  by  the  dropping  in  of  nitrated  mer- 
cury prepared  without  heat ; for  the  white  flrhc 
which  appeared  upon  this  inftillation,  upon  the 
further  addition  of  a large  quantity  of  water, 
fell  to  the  bottom  in  the  form  of  a yellowifh 
powder : Befides  the  addition  of  falited  terra 
ponderofa  to  another  portion,  immediately  ge- 
nerated a fpathum  ponderofum,  the  mofl  cer- 
tain fign  of  vitriolic  acid.  If,  therefore,  marine 
acid  be  prefent  in  fome  vitriform  ores  of  zinc, 
this  muff  be  confidered  at  lead  as  accidental, 
and  by  no  means  neceffary  to  their  compofi- 
tion. 

(e)  Vitriolic  acid  takes  it  up  almoft  entirely, 
leaving  fcarcely  00,1  remaining  undiffolted ; 
and  evaporation  being  continued  to  drynefs,  fo 
as  to  expel  the  fuperfluous  acid,  the  folution, 
on  the  addition  of  water,  yields,  by  cryftalliza- 
tion,  326  lb.  of  white  vitriol. 

(f)  Phlogifticated  alkali,  added  to  a folution 
of  this  vitriol,  throws  down  a mixed  mafs,  white 
and  fpongy,  yet  containing  a few  particles  of 
Pruffian  blue;  which  fhews  that  a fmall  quanti- 
ty of  iron  is  prefent.  It  is  worthy  of  obferva- 
tion,  that  the  blue  atoms  gradually  become  of 
a brownifh  red;  whether  they  be  fuffered  to  re- 
main in  the  liquor  for  fome  days,  or  whether 

they 
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they  be  feparated  by  filtration,  wafhed,  and 
dried. 

( g ) ioo  parts  of  vitriform  zinc,  with  pow- 
dered charcoal,  and  150  of  copper,  treated  in 
the  ufual  way,  communicated  to  the  copper  an 
increment  only  of  15  lb.  though,  in  this  opera- 
tion, a great  part  of  the  zinc  always  is  deftroy- 
ed  by  deflagration. 

(h)  Upon  comparing  all  the  experiments,  it 
plainly  appears,  that,  in  100  of  this  Englifli  mi- 
neral, there  are  28  of  aerial  acid  (b.  c.),  6 of 
water  (e.),  and  of  calcined  zinc  (with  a very 
fmall  portion  of  ochre,  fcarce  exceeding  1)  a- 
bout  65  (e.  f.). 

(1)  For  the  fake  of  comparifon,  it  mull  be 
added,  that  the  artificial  glafs  of  zinc,  arifing 
from  the  diftillation  of  this  femi-metal,  difiolves 
in  acids  without  any  effervefcence ; fo  that  it 
alfo  contains  more  zinc,  and  the  other  variety 
mentioned  in  § 11.  (b.)  is  produced. 

§ v.  Analyfis  of  Vitriolaied  Zinc . 

Zinc,  in  a faline  flate,  has  hitherto  been  but 
rarely  found,  and  always  united  with  vitriolic 
acid ; fcarcely  ever  pure,  but  united  with  vitriol 
of  iron  or  of  copper,  or  both  together.  We 
fhall  therefore  firft  examine  if  in  its  pure  flate, 
m order  to  difcover  occafional  differences  the 
better. 


(a)  Vitriol 
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(a)  Vitriol  of  zinc  yields  tranfparent  cryftals, 

clear  as  water,  and  without  any  colour  ; they 
exhibit  compleat  quadrangular  prifms,  two  of 
whofe  oppofite  fides  are  broader  ; the  termina- 
ting pyramid  has  alfo  four  fides : In  general, 

however,  in  the  two  oppofite  angles  of  the 
prifm,  a ftnall  defeft  is  obferved,  fo  that  the 
fe&ion  becomes  hexagonal.  The  native  vitriol 
is  generally  ftala&itic,  arifing  from  the  fponta- 
neous  calcination  of  pfeudo  galena.  The  cry- 
ftals rather  calcine  than  deliquefce. 

(b)  By  gentle  calcination  ioo  lofes  about  40, 
which  confift  of  water. 

After  a white  heat  of  three  hours,  no  more 
remained  than  20  of  alhen  brown  coloured 
powder  ; yet  that  metallic  zinc,  by  calcination, 
is  increafed  at  lead  0,17,  plainly  appears,  for 
20  of  calx  are  produced  from  little  more  than 
17  of  the  metal:  100  of  white  vitriol  there- 

fore, contains  20  of  calcined  zinc,  40  of  vitrio- 
lic acid,  and  40  of  the  water  necelfary  to  cryf- 
tallization. 

(c)  In  a moderate  temperature,  100  of  the 
cryftallized  vitriol  require  to  diffolve  them  22S 
of  diftilled  water.  By  a boiling  heat  much 
more  is  taken  up. 

(d)  If  to  a folution  of  the  100  juft  mention- 
ed, be  added  a phlogifticated  alkali,  whitidi 
particles  are  foon  feparated  ; which,  collected, 
wafhed,  and  dried,  after  compleat  precipitation, 

yield 
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yield  83  of  a yellowifh  white  powder.  Now, 
1 part  of  metallic  (that  is  1,17  of  calcined  zinc) 
yields  to  phlogifticated  alkali  nearly  5,  there- 
fore 83  indicate  16-f-  of  metallic  zinc  ; which  a- 
grees  altogether  with  an  experiment  already 
tried  in  another  way  (b). 

(e)  A folution  of  100,  precipitated  by  aera- 
ted alkali,  yields  a white  powder,  in  weight  38, 
which  is  taken  up  by  acids  with  an  efrerve- 
fcence,  which  continues  till  the  very  laft  particle 
is  dilfolved  ; therefore  20  of  calcined  zinc  are 
able  to  fix  18  of  aerial  acid  and  water  together. 
Hence  we  derive  an  illuftration  of  what  has 
been  already  faid  concerning  its  effervefcence 
in  acids  (§  iv.  f.).  Zinc,  when  once  calcined 
without  aerial  acid,  afterwards  attra&s  it  fierce- 
ly at  all,  or  at  lead  very  flowly, 

(f)  White  vitriol,  mixed  with  green,  blue, 
or  both,  cannot  be  feparated  from  them  by  cry- 
ftallization. 

The  mixture  may  in  fome  degree  be  judged 
of  by  the  colour.  The  form  of  the  cryfials  is 
fpathaceous,  even  though  the  inquinament  dcies 
not  exceed  i.  The  phlogifticated  alkali  be- 
trays copper  by  a brownifh  red,  and  iron  by 
blue  particles,  the  former  of  which,  particular- 
ly, diftinaiy  appear  on  the  firfl  inftillation, 
mixed  with  the  white,  provided  the  liquor  be 
not  fliaken.  On  the  addition  of  zinc,  both  the 
copper  and  iron  are  precipitated. 

§ vr. 
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§ vi.  Analyfis  of  the  Black  Pfeudo  Galena  of 

Dannemer. 

1 have  tried  by  various  methods  to  difcover 
the  compofition  of  the  pfeudo  galena  ; but  fhall 
here  only  mention  thofe  which  feemed  peculiarly 
adapted  to  the  purpofe  in  each  particular  cafe. 

(a)  By  a white  heat  of  four  hours,  25  out  of 
100  flew  off ; at  the  fame  time  a ftrong  frneli 
of  fulphur  was  perceived,  fcarcely  mixed  with 
that  of  arfenic,  but  no  flame,  nor  were  any 
flowers  of  zinc  difcernible  ; the  colour  of  the 
roafted  powder  was  like  that  of  bricks. 

This  operation  being  finifhed,  the  quantity 
of  volatile  matter  is  generally  eftimated  from 
the  decrement  of  weight ; but,  when  we  are  ex- 
amining ores  by  this  method,  the  quantity  is 
made  lefs  than  it  ought,  as  metals  gain  weight 
by  calcination.  Lead  gains  about  0,12,  cop- 
per 0,16,  zinc  0,17,  and  iron  0,36.  In  the 
prefent  cafe,  the  quantity  of  the  metals  other- 
wife  known  (if  they  be  fuppofed  in  a perfeft 
Hate)  flrews  that  by  the  dephlogiftication  the 
weight  of  the  remaining  mafs  is  increafed  by 
12.  This  correction  therefore  fliould  not  be 
neglected. 

(b)  Six  hundreds  of  the  pfeudo  galena,  be- 
ing expofed  to  heat  in  a clofe  apparatus,  no  e- 
laftic  fluid  appeared  j a little  fulphur  was  fepa- 

rated, 
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rated,  and  nearly  6 lb.  of  reguline  arfenic  col- 
lected in  the  upper  part,  as  alfo  about  36  of 
water  in  a tube  fitted  for  receiving  it ; viz.  to 
the  extremity  of  the  alembic  tube,  turned  up- 
wards, was  faftened  a wet  bladder  well  emp- 
tied of  air  by  preflure  : During  the  operation 

it  was  a little  inflated,  but  on  cooling  collapfed 
again  ; the  water  filled  the  tube  ; the  reguline 
arfenic  covered  the  upper  part  of  the  cucurbit 
with  a black  fcale. 

(c)  As  lead  is  found  in  this  ore  (§  11.),  the 
75  parts  remaining  were  boiled  in  marine  acid 
fo  long  as  any  thing  was  diflolved  ; to  the  folu- 
tion,  filtered,  and  infpiflated  by  evaporation, 
was  added  vitriolated  volatile  alkali,  by  which 
a vitriol  of  lead  was  partly  feparated  inftanfly, 
and  partly  by  further  evaporation.  This  vitriol 
yielded  about  6 lb.  of  lead. 

(d)  The  remaining  liquor  was  evaporated  to 
drynefs ; and,  for  the  purpofe  of  calcining  the 
iron,  nitrous  acid  was  repeatedly  evaporated 
from  it,  the  lafh  time  even  to  ignition.  Finally, 
it  was  diflolved  in  that  acid  ; but  there  remain- 
ed 13  of  calcined  iron,  which  is  equivalent  to 
about  9 of  the  metal. 

_ 00  A folution  of  zinc,  precipitated  by  phlo- 
giflicated  alkali,  yielded  a whitifh  yellow  fedi- 
ment,  weighing  223  lb.  which  indicate  nearly 
45  of  metallic  zinc  (§  v.  d.). 

Vol.  II.  y 
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(f)  The  marine  acid  mentioned  in  (b)  was 
refilled  by  4 parts,  which  diffolved  with  great 
difficulty  in  microcofmic  fait,  but  more  eafily 
in  borax,  and  in  mineral  alkali  with  effervef- 
cence.  Thefe  properties  indicate  a filiceous 
nature. 

(g)  Upon  a juft  calculation,  therefore,  it  ap- 
pears, that  the  100  under  examination  contains 
29  of  fulphur,  1 of  regulus  of  arfenic,  6 of  wa- 
ter, 6 of  lead,  9 of  iron,  45  of  zinc,  and  4 of 
filiceous  earth.  There  is  no  doubt  but  that  the 
proportions  vary  a little  in  the  various  fpeci- 
mens : Befides,  in  order  to  determine  all  the 
quantities  with  precifion,  it  would  be  neceffary 
to  know  the  deficiency  of  phlogifton  occafioned 
in  metals  by  their  union  with  fulphur ; a cir- 
eumftance  which,  however,  is  yet  unknown  : 
Somewhat  is  certainly  loft  ; but  it  fhould  appear 
the  lofs  is  but  fmall. 

\ 

5 vii.  Analyfis  of  the  Brown  Pfeudo  Galena  of 

Sahlberg. 

(a)  The  brown  pfeudo  galena  of  Sahlberg, 
properly  roafted,  lofes  only  0,13,  of  which  5 
are  water.  The  fulphureous  odour  is  lefs  per- 
ceptible in  this  than  in  the  former  analyfis. 

(b)  Nitrous  acid  was  repeatedly  abftradted 
from  the  other  87  parts,  even  to  ignition,  and, 

■ afterwards, 
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afterwards,  whatever  that  menftruum  could  take 
up  was  diffolved. 

(c)  The  folution,  on  examination,  only 
yielded  zinc,  which,  when  precipitated  by  phlo* 
gifticated  alkali,  yielded  21 3 lb.  of  fediment, 
and  then,  by  volatile  alkali,  3 parts  of  clay. 

(d)  From  the  remaining  31  parts,  which 
refilled  the  nitrous  acid,  the  vitriolic  was  ab- 
flracled  to  drynefs  ; upon  which  it  was  elix- 
ated  with  diltilled  water,  and  24  only  remain- 
ed. 

(e)  The  folution  of  (d),  precipitated  by 
phlogillicated  alkali,  yielded  29  parts  of  Pruf- 
fian  blue,  which  nearly  correfpond  to  45  of 
iron. 

(f)  The  Pruffian  blue  being  feparated  by  fil- 
tration, the  liquor  had  an  aluminous  tafle  ; and 
this  fait  alfo  appears  upon  cryflallization,  but 
mixed  with  vitriolated  vegetable  alkali. 

(g)  The  24  parts  untouched  by  the  acids, 
were  the  reliquiae  of  a quartofe  matrix. 

(h)  Therefore  100  of  this  ore  contains  about 
17  of  fulphur,  5 of  water,  44  of  zinc,  5 of  iron, 
5 <fr  clay,  and  24  of  quartz. 

It  is  probable,  that,  in  this  inhance,  the  zinc 
is  more  dephlogilticated  than  in  the  others. 
Plence,  from  the  unknown  quantity  of  the  dif- 
ference, an  error  arifes,  perhaps  of  fome  pounds, 
which  as  yet  cannot  be  determined. 

Y 2 § viii.. 
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§ vm.  Analyfis  of  the  Pfeudo  Galena  of  Boval , 
which  po (Jeffcs  a Metallic  Splendour. 

(a)  ioo  of  the  pfeudo  galena  of  Boval  loft 
by  roafting  17,  which,  by  their  fmell,  feemed 
to  be  nothing  but  fulphur  ; but  diftillation  {hews 
that  a fmall  quantity  of  water  is  alfo  mixed  with 
them. 

The  refiduum  grows  black  on  calcination. 

(b)  The  83  parts  which  remained  were  wet- 
ted with  three  times  their  quantity  of  concen- 
trated vitriolic  acid,  and  evaporated  to  drynefs; 
then  all  the  faline  part  was  feparated  from  the 
white  mafs,  by  boiling  in  diftilled  water,  and  6 
parts  remained  which  eluded  the  action  of  the 
menftruum,  which  were  with  difficulty  taken 
up  by  microcofinic  fait,  more  readily  by  borax, 
but  very  eafily,  and  with  effervefcence,  by  mi- 
neral alkali ; at  the  fame  time  the  laft  globules 
were  brown  : Hence  it  appears  that  they  con- 
iifl:  of  a filiceous  and  martial  matter. 

(c)  In  this  inftance  the  colour  of  the  folu- 
tion  does  not  betray  copper,  which  yet  is  {hewn 
by  the  microcofinic  fait  (§  n.J;  but  the  addi- 
tion of  iron  foon  removes  all  doubt.  In  order 
to  determine  the  quantity  of  this  metal,  a poliffi- 
ed  plate  of  iron  was  boiled  in  the  folution  as 
long  as  any  of  it  continued  to  be  taken  up.  The 
cupreous  fediment,  collected,  waffied,  and  dried, 

weighed 
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weighed  4 lb.  The  plate  was  found  to  have 
loft  6 lb. 

(d)  In  the  remaining  liquor  phlogifticated 
alkali  precipitates  at  once  a white  and  a blue 
fediment,  which  indicates  the  prefence  both  of 
zinc  and  iron.  In  order  to  determine  the  pro- 
portions, this  liquor,  evaporated  to  drynefs, 
was  long  calcined  in  the  open  fire ; afterwards, 
nitrous  acid  was  repeatedly  abftrafted  to  dry- 
nefs from  the  mafs,  that  the  iron,  fpoiled  of 
phlogifton,  might  be  rendered  infoluble  in  that 
acid. — Nor  was  the  experiment  unfuccefsful  j 
for  the  zinc  alone  was  taken  up,  and  about 
19  lb.  of  calcined  iron  remained,  which  are 
equivalent  to  14  parts  of  regulus,  the  weight 
being  increafed  0,36  by  calcination. 

(e)  The  folution,  containing  zinc  precipi- 
tated by  phlogifticated  alkali,  yields  259  parts 
of  white  fediment,  wafhed  and  dried. 

(f)  1 00  of  this  ore,  therefore,  contains  52 
of  zinc,  8 of  iron,  4 of  copper,  26  of  fulphur, 
and  4 of  water,  together  with  6 of  a filiceous 
and  martial  matter. 

(g)  That  the  metals  exift  either  in  a ftate 
nearly  reguline,  or  but  little  dephlogifticated, 
eafily  appears,  both  by  the  metallic  fplendour, 
and  the  violence  and  rednefs  of  the  vapours 
with  which  the  nitrous  acid  attacks  them  ; and, 
finally,  by  the  union  with  fulphur.  The  fame 
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is  nearly  true  of  the  ore  of  Dannemer,  which, 
although  deditute  of  metallic  fplendour,  exhi- 
bits the  fame  phaenomena  with  nitrous  acid 
(§  ix.  c.)  ; and,  befides,  on  fublimation,  it  ex- 
hibits a reguline  arfenic  (§  vi.  b.).  But  the 
pfeudo  galena  of  Sahlberg  feems  to  contain  a 
fmaller  portion  of  phlogifton. 

(h ) It  follows,  from  the  analyfis  of  pfeudo 
galena,  i.  That  lime,  though  it  be  fometimes 
prefent,  is  not  necefl'arily  required ; for  the  three 
varieties  I examined  did  not  {hew  the  {lighted 
trace  of  it,  even  when  the  acid  of  fugar,  its 
niced  ted,  was  employed.  It  is  certain,  if  the 
lulphur  wai  here  united  with  zinc  in  the  date 
of  an  earthy  hepar,  that  a fmall  quantity  of 
lime  would  not  fuffice,  and  part,  at  lead,  of  the 
hepar  might  be  elixated  by  water.  2.  That  the 
prefence  of  cobalt  and  filver  is  accidental,  as 
alfo  of  lead  and  arfenic  in  the  Dannemer  pfeu- 
do galena,  and  of  copper  in  that  of  Boval.  3, 
That  zinc,  iron,  and  fulphur,  are  always  pre- 
fent ; for  zinc  cannot  be  united  with  fulphur, 
but  by  means  of  iron.  When  thefe  three  in- 
gredients are  fufed  together,  an  artificial  pfeudo 
galena  is  eafily  made.  But  it  may  be  gathered 
from  the  water,  that  nature  has  effeded  the 
union  in  the  humid  way. 
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§ ix.  The  Phaenomena  of  the  Hepatic  Smell,  ex- 
tricated by  Acids  from  Pfeudo  Galena. 

When  the  vitriolic  or  marine  acid  is  poured 
on  pfeudo  galena,  an  hepatic  odour  is  exhaled  ; 
but  it  may  be  gathered  from  what  goes  before, 
that  no  alkaline  fait  nor  abforbent  earth  is  pre- 
fent,  and  therefore  no  hepar.  Hence  the  caufe 
of  this  phaenomenon  may  be  properly  inquired 
aftel-.__The  following  experiments  will  ferve  to 
folve  the  problem. 

(a)  Six  aifay  joo  of  black  pfeudo  galena 
from  Dannemer,  well  pounded,  were  put  into 
a giafs,  and  the  bulb  of  the  thermometer  was 
fet  in  the  midft  of  it.  300  of  concentrated  vi- 
triolic acid  being  poured  on,  a few  bubbles  a- 
rofe,  and  a diftinft  hepatic  odour  was  percei- 
ved. In  four  minutes  the  mercury  arofe  from 
16  to  27  ; but  in  nine  it  began  to  fmk.  The 
powder  was  fo  much  indurated,  that  it  was  dif- 
ficult to  feparate  the  thermometer  without  break- 
ing it. 

(b)  The  experiment  was  repeated  with  200 
of  fmoking  marine  acid.  A ftrong  hepatic 
odour,  and  a violent  effervefcence,  were  obfer- 
ved ; but  the  mercury  in  the  thermometer  re- 
mained without  motion. 

(c)  200  of  fmoking  nitrous  acid,  diluted 
^vith  an  equal  quantity  of  water,  were  poured 
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on  the  fame  weight  of  ore,  when  an  intumef- 
cence  was  perceived,  and  red  vapours  arofe, 
without  an  hepatic  fmell.  A heat  of  740  took 
place  in  four  minutes. 

' The  refiduum,  after  having  been  well  walhed 
with  hot  water,  produced  no  hepatic  fmell,  ei- 
ther with  the  vitriolic  or  marine  acids. 

(d)  The  hepatic  vapour,  extricated  with  the 
affiftance  of  heat,  by  vitriolic  acid,  out  of  a 
quintal,  and  collected  in  quickfilver,  amounted 
to  two  cubic  inches  ; but  the  marine  acid  pro- 
duced feven  from  the  fame  quantity.  The  red 
fumes  arifing  when  nitrous  acid  is  employed, 
were  found,  on  examination,  to  be  nothing  but 
what  is  called  nitrous  air. 

(e)  One  half  of  a quadrant  of  hepatic  air, 
colletted  in  an  inverted  phial,  and  mixed  with 
an  equal  portion  of  nitrous  air,  becomes  gru- 
xnous,  and  depofits  fulphur ; and  the  mercury 
in  the  thermometer,  fufpended  in  it,  rofe  to  6°. 

(f)  Yet  all  the  pfeudo  galenae  are  not  equal- 
ly alfe&ed  by  acids.  If  marine  acids  be  poured 
on  the  three  above  examined,  that  of  Danne- 
mer  emits  an  hepatic  air,  with  many  bubbles  ; 
from  that  of  Boval  fewer  bubbles  rife;  and 
from  that  of  Sahlberg  fcarce  any.  The 
two  frit  yield  a very  offenfive  fmell,  even 
though  kept  in  corked  bottles  for  a number 
of  years : The  lad  has  but  a faint  fmell,  which 
continues  only  for  a few  minutes:  The  others, 

boiled 
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boiled  with  acids,  fcarce  extricate  any  hepatic 
odour. 

(g)  2-j-  cwt.  of  yellow  lapis  calaminaris  from 
Hungary,  treated  in  the  fame  way  as  the  pfeu- 
do  galena,  occafioned,  with  vitriolic  acid,  a de- 
gree of  heat  = 65°,  but  no  hepatic  fmell  was 
perceived. 

(h)  The  fame  ft  one  generated  heat  with  ni- 
trous and  marine  acid,  but  without  any  hepa- 
tic fmell. 

(1)  Flowers  of  zinc  occafion,  with  acids, 
heat,  but  no  fmell. 

S x.  Explanation  of  the  Hepatic  Odour. 

From  the  phaenomena  above  mentioned,  the 
origin  of  the  hepatic  odour  is  eafily  feen  both 
analytically  and  fynthetically.  We  jfhall  firft 
examine  it  analytically. 

(a)  That  fulphur  enters  the  compofition  can- 
not be  doubted,  as  it  is  actually  found  precipi- 
tated (§  ix.  e.)  : But  we  are  to  inquire  the 
caufe  which,  in  this  inftance,  dilates  the  fulphur 
which  had  been  fo  fubtilely  diflolved  into  an 
aeriform  elaftic  fluid. 

(b)  That  heat  exifts  fixed  in  hepatic  air, 
and  is  fet  at  liberty  by  the  deftru&ion  of  that 
air,  evidently  appears  from  the  afcent  of  the 
mercury  (§  ix.  e.).  The  opinion  that  the  heat 
of  bodies  confifts  in  a certain  inteftine  motion 

of 
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of  their  parts,  is  at  prefent  held  to  be  total- 
ly improbable.  Many  circumflances  tend  to 
prove,  that  heat  is  to  be  attributed  to  a mat- 
ter diftin£t  from  all  others,  which,  when  dif- 
engaged,  occafions  fenfible  heat  in  proportion, 
to  its  quantity ; but,  fo  long  as  it  conftitutes 
a primary  principle  of  bodies,  its  power  of 
heating  is  reprefled,  (in  the  fame  way  as  the 
properties  of  an  acid  faturated  with  alkaline 
fait)  which  power,  however,  it  again  recovers, 
when  by  any  means  fet  at  liberty  ; hence,  in  cer- 
tain folutions,  heat  is  generated  j namely,  when 
that  principle,  which  had  been  united  with 
one  of  the  ingredients,  is  expelled  by  a ftrong- 
er  attra&ion  : In  others,  cold  is  produced, 

occafioned  by  the  heat  entering  into  the  new 
compound.  Since,  therefore,  on  precipitation 
of  fulphur  from  hepatic  air,  heat  is  generated, 
we  may  conclude,  that  the  matter  of  heat  had 
been  before  fixed.  This  conclufion  will  be 
further  confirmed  hereafter  (e.). 

(c)  It  appears  plainly,  that  the  phlogifton 
in  hepatic  air  forms  the  bond  of  union  be- 
tween the  matter  of  heat  and  the  fulphur ; 
for  that  air  cannot  be  decompofed,  except 
by  fubftances  which  are  extremely  greedy  of 
phlogifton.  Concentrated  nitrous  acid  pof- 
fefles  this  power,  even  in  water  loaded  with 
hepatic  air  ; nay,  nitrous  air,  although  fo  much 
loaded  with  phlogifton  that  its  acid  properties 

are 


O F T H E O R E S O F 2 I N C.  347 

are  concealed,  produces  the  fame  effect  (§  ix. 
e.).  We  fee,  therefore,  that,  upon  the  ab- 
flradtion  of  phlogifton,  the  whole  compofition 
is  deftroyed,  fo  that  it  may  juflly  be  confidered 
the  bond  of  union.  Sulphur,  by  means  of 
heat  alone,  diffufes  no  hepatic  fmell. 

All  this  is  completely  eftablifhed  by  a right 
confideration  of  the  principles  of  the  pfeudo 
galena,  and  its  different  habits  with  refpeft  to 
acids. — We  now  proceed  to  examine  this  fub- 
ject  fynthetically. 

The  conflituent  parts  of  hepatic  air  being 
thus  difcovered  by  analyfis,  let  us  now  examine 
fynthetically,  whether  thefe  are  to  be  found  in 
the  pfeudo  galena. 

(d)  Of  fulphur  we  can  have  no  doubt,  as 
even  the  quantity  of  that  has  been  already  de- 
termined (§  vi. — VIII.). 

(e)  The  prefence  of  the  matter  of  heat  is 
equally  certain  ; for  the  pfeudo  galena,  with 
nitrous  acid,  excites  a confiderable  degree  of 
heat  (§  ix.  c.)  ; and  the  vitriolic  acid  gene- 
rates with  it  a degree  of  heat,  though  lefs. 
Thus  we  fee  the  matter  of  heat  more  or  lefs  fet 
at  liberty. 

(f)  Befides  the  phlogifton  of  the  fulphur, 
no  fmall  portion  of  that  principle  adheres  to 
the  metals,  as  has  already  been  evinced  (§  vn. 
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All  the  principles,  therefore,  before  difcover- 
ed  by  analyfis,  are  prefent  (a. — c.). 

(g)  It  may  now  be  queflioned,  whether 
thefe  principles  are  fo  united  in  the  pfeudo 
galena,  as  actually  to  conflitute  hepatic  air, 
which,  like  the  aerial  acid  in  chalk,  lies  hid ; 
or  whether  it  be  on  the  addition  of  the  proper 
acid  that  they  firfl  coalefce,  and  form  an  elaftic 
fluid. 

(h)  In  order  to  determine  this  queftion,  the 

pfeudo  galena  was  fubjedted,  by  itfelf,  to  di- 
ftillation ; and  the  vapour  extricated  was  col- 
lected in  a pneumatic  apparatus  : But,  on  ex- 

amination, nothing  was  obtained  but  a fmall 
portion  of  water,  and  nothing  at  all  aerial : 
Befides,  all  the  different  acids  would  expel 
the  fame  quantity,  if  the  hepatic  air  lay  hid, 
like  the  fixed  air  in  chalk  ; but  we  have  feen, 
that,  from  i cwt.  none  was  obtained  by  ni- 
trous acid,  two  cubic  inches  by  the  vitriolic, 
and  feven  by  marine  acid  (§  ix.  d.)  ; the  elaf- 
tic fluid,  therefore,  does  not  pre-exift  in  a per- 
fect ftate. 

(i)  It  is  generated,  therefore,  during  the 

folution  : For  the  addition  of  the  acid,  by 

loofening  the  texture  of  the  mafs,  fets  the  heat 
at  liberty,  together  with  the  phlogifton  of  the 
zinc  and  iron  ; for  no  metal  is  taken  up  by 
acids,  until  it  is  dephlogillicated  to  a certain 
degree.  The  firfl;  effeCI,  therefore,  of  acids 

upon 
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upon  metals,  is  to  deprive  them  of  that  por- 
tion of  their  phlogifton  which  prevents  their 
folution,  and  by  this  privation  they  become  fo- 
luble. 

Thefe  two  principles,  heat  and  phlogifton, 
being  fet  at  liberty,  l'eize  the  fulphur  which 
they  meet  with,  combine  with  it,  and  form  an 
elaftic  fluid ; but,  as  the  nitrous  acid  attracts 
and  retains  phlogifton  with  more  force  than 
the  reft,  with  it  a great  heat  is  generated  ; but 
no  hepatic  air  can  be  formed,  for  the  principle 
which  fhould  connect  the  other  two  is  wanting. 
The  vitriolic  acid,  indeed,  attracts  phlogifton 
lefs  powerfully  than  the  nitrous,  but  does  not 
yield  up  all  that  it  fets  at  liberty  to  the  gene- 
ration of  hepatic  air  ; and  this  air  is  confe- 
quently  produced  only  in  fmall  quantity,  in- 
deed fo  fmall,  that  fome  heat  remains  at  liber- 
ty : But  the  marine  acid,  being  naturally  load- 
ed with  phlogifton,  does  not  attract  any  more  j 
therefore,  the  whole  of  the  heat  may  very  eafi- 
ly  be  fixed  by  the  phlogifton  extricated  by  this 
acid  from  the  metals ; hence,  with  this  acid, 
there  is  no  heat  generated,  but  a confiderable 
quantity  of  hepatic  air.  The  calcined  pfeudo 
galena  retains,  indeed,  the  matter  of  heat,  but 
lofes  the  phlogifton  and  the  fulphur  in  the 
Are  ; therefore,  no  veftiges  of  hepatic  air  can 
arife  here,  as  with  the  lapis  calaminaris  (§  ix. 

F.  G.) 
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All  thefe  circumdances  agree  fo  perfedly, 
that  no  doubt  can  remain  of  the  truth  of  the 
explanation ; yet  pfeudo  galena  is  not  to  be 
confidered  as  the  only  body  in  nature  which 
can  produce  an  hepatic  air  and  odour  on  the 
addition  of  acids : It  is  enough  { o mention 
galena,  which  occafionally  exhibits  the  fame 
phaenomena  j for  the  marine  acid  ads  moll 
efficacioufly,  but  the  nitrous  fhews  not  the  lead 
veftiges  of  any  thing  hepatic  ; and,  in  this  cafe, 
the  vitriolic  acid  has  little  effect,  as  it  hardly 
attacks  lead  when  in  a metallic  date.  It  is  al- 
fo  worthy  of  obfervation,  that  native  Siberian 
iron,  with  marine  acid,  diffufed  a didindly  he- 
patic fmell ; but  the  examination  of  this  would 
require  a feparate  treatife. 

§ xi.  Phofphoric  Quality  of  the  Pfeudo  Galena. 

Some  varieties  of  pfeudo  galena,  upon  fric- 
tion, fhine  in  the  dark  j and,  among  thofe, 
the  mod  remarkable  is  that  which  is  found  at 
Scharfenberg,  in  Mifnia.  This,  when  rubbed 
with  glafs,  a bone,  iron,  or  any  hard  fubdance, 
emits  a foetid  fmell,  and,  at  the  point  of  con- 
tad,  fends  forth  a flame  of  a gold  colour ; and 
this  happens  in  water,  nay,  even  in  acids ; and 
it  retains  this  property  even  after  a violent  white 
heat.  Some  infid  that  this  light  is  eledric ; 
but  the  electric  flafli  is  of  a very  different  kind, 

being 
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being  entirely  extinguilhed  by  water,  whereas 
this  is  made  rather  more  fplendid.  Latent  light 
is  not  the  caufe ; for  in  folution  no  light  is 
occafioned. 

Suppofmg  that  light  be  nothing  but  the  mat- 
ter of  heat,  with  a determined  fuperabundance 
of  phlogifton,  thefe  principles  are  not  deficient 
in  the  pfeudo  galena  ; for  we  have  already  feen, 
that  the  matter  of  heat  is  really  prefent  (§  x. 
£.  e.)}  and,  at  the  fame  time,  phlogifton  (§  x. 
c.  f.).  The  firft,  therefore,  excited  and  fet  at 
liberty  by  fri&ion,  may  eafily  feize  the  latter, 
and  produce  light. 

Many  varieties  do  not  Ihine  at  all,  fome 
fcarcely,  and  a few  very  remarkably;  this  is 
undoubtedly  owing  either  to  the  proportion  of 
the  principles,  or  their  clofenefs  of  connexion  ; 
which  laft  opinion  is  confirmed,  by  obferving 
that  thofe  which  poftefs  the  phofphoric  quality 
in  the  mod  eminent  degree,  refill:  the  three 
mineral  acids ; fo  that  either  no  hepatic  odour 
or  heat  arifes,  or  at  leaft  much  weaker  than  in 
the  others,  which  indicates  a firmer  texture ; 
yet  all  that  refill  the  acids  are  not  found  to  be 
phofphoric.  This  difficulty  is  folved  by  the 
analyfis  of  the  pfeudo ‘galena  of  Scharfenberg, 
the  fcarcity  of  which  has  as  yet  prevented  the 
experiment  from  being  Efficiently  varied.  The 
powder,  expofed  alone  to  fire  in  a clofe  veffel, 
yi  Jds  a filiceous  fublimate,  fimilar  to  that  pro- 
duced 
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duced  by  mineral  fluor  and  vitriolic  acid.  The 
fluor  acid  is  therefore  prefent,  but  probably 
united  in  fuch  a manner  to  the  metallic  bafe, 
that  it  cannot,  by  fire  alone,  be  expelled,  and 
generate  with  water  a filiceous  earth. 

Marine  acid,  by  boiling,  diffolves  it,  when 
well  powdered,  almofl:  entirely,  and  produces 
an  hepatic  fmell ; for,  exclufive  of  the  fulphur, 
fcarce  more  than  0,01  remains,  which,  exami- 
ned by  the  blow-pipe,  appears  to  be  filiceous. 
In  100  the  zinc  forms  nearly  64,  iron  5,  ful- 
phur 20,  water  6,  fluor  acid  4,  and  filiceous 
earth  1 ; — nothing  calcareous  is  found. 

This  pfeudo  galena  is  lamellated,  yellow, 
and  femipellucid ; but,  fituated  in  a certain 
way,  with  refpecl  to  the  eye,  it  appears  opaque, 
fomewhat  refembling  a metal,  like  mod  of  the 
others.  The  various  proportions  feem  to  indi- 
cate, that,  in  this  inflance,  the  metals  prefent 
are  not  fully  calcined.  Fufed  with  microcof- 
mic  fait  by  the  blow- pipe,  it  throws  out  a few 
flafhes,  almofl  like  that  of  Sahlberg,  which  was 
mentioned  among  the  Swedifh  pfeudo  galeme 
(§  11.),  a phaenomenon  which  can  hardly  be 
produced  with  calcined  zinc.  With  nitrous 
acid  it  produces  certain  vapours.  It  is  indeed 
true,  that  it  excites  a very  fmall  detonation ; 
for  the  firfl  parcel  thrown  into  nitre,  well  fufed, 
occafions  nothing  but  an  effervefcence ; and  it 

is  not  until  the  fourth  or  fifth  addition  that 
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fparks  are  produced,  and  even  tbefe  are  few. 
The  Swedifli  pfeudo  galenic,  firft  examined, 
detonate  on  the  third  or  fourth  addition.  This 
difficulty  of  detonation  rather  points  out  the 
clofenefs  of  connection  in  the  inflammable  prin- 
ciple, than  a deficiency  of  it  ; for,,  on  the  fame 
ground,  we  might  difpute  the  prefence  of  ful- 
phur,  which  yet  is  mod  certainly  prefent. 
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METALLIC  PRECIPI- 
TATE S. 


§ i.  Defign  of  the  Work. 

TH  E man  who  firft  faw  a metal  corroded 
by  a limpid  menftruum,  in  fuch  a man- 
ner that  a body  fo  extremely  ponderous,  and  fo 
opaque,  fliould  gradually  and  entirely  difappear, 
and  afterwards,  upon  the  addition  of  a fuitable 
precipitant  to  a liquor  "which  appeared  to  be 
fimple  and  homogenous,  faw  that  metal  fepa- 
rate,  and  again  come  into  view; — the  man,  I 
fay,  who  firft  faw  this,  nruft  have  been  (truck 
with  aftonifliment  and  admiration.  Perfons 
accuftomed  to  thefe  wonderful  phaenomena  ne- 
gleft,  perhaps,  too  much  the  accurate  invefti- 
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gation  of  them,  though  thefe  operations  are  of 
the  higheft  importance,  and  form  as  it  were  the 
whole  of  the  effeCfive  part  of  chemiftry.  The 
phaenomena  of  this  kind  are  fo  various  and  fo 
intricate,  that  a fingle  volume  would  be  utterly 
infufficient  for  examining  them  all  : We  fhall 
here,  therefore,  only  examine  fnch  as  relate  to 
the  reparation  of  metals  from  acids,  particularly 
with  regard  to  the  weight  of  the  precipitate; 
Weighing  is,  no  doubt,  a mechanical  operation, 
but  yet  is  of  fingular  fervice,  not  only  in  in- 
veftigating  the  properties  of  bodies,  but  in  di- 
recting thofe  properties  to  their  proper  ufes. 
All  effects  are  exaCtly  proportioned  to  their 
caufes ; therefore,  unlefs  their  mutual  relations 
be  examined  by  accurate  trials,  theory  (of  con- 
fequence  the  whole  of  natural  philofophy)  muff 
be  lame  and  imperfeCt. 

That  we  may  the  better  underhand  the  na- 
ture of  precipitations,  we  fhall  briefly  examine 
the  phaenomena  of  metallic  folutions  in  ge~ 
neral.  < 

§ii.  Examination  of  Metallic  Solutions. 

A fmall  piece  of  a metal  being  put  into  ad 
acid,  is  taken  up  llowly  or  quickly,  with  vio- 
lence or  gently,  according  to  the  various  nature 
cf  the  metal  and  the  menftruum. 

Z 2 
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(a)  As  to  menRrua,  when  unaffiRed  by  heat, 
the  nitrous  acid  is  found  the  moR  powerful,  fo 
much  fo  as  fometimes  to  exceed  the  bounds  re- 
quired ; and  the  metal  dilfolved  is  again  fepa- 
rated,  unlefs  the  violence  of  this  acid  be  pro- 
perly tempered  : Yet  fometimes  the  nitrous  acid 
alone  has  no  effed,  as  is  the  cafe  with  gold  and 
platina  ; but,  when  the  nitrous  is  united  with 
the  marine  acid,  the  folution  is  readily  effeded. 

The  vitriolic  acid,  though  very  highly  con- 
centrated, yet  ads  more  weakly.  It  does  not 
attack  mercury  or  filver,  unlefs  when  boiling  ; 
and  gold  and  platina  elude  its  force,  even 
though  boiled  to  drynefs. 

Marine  acid  ads  (till  more  weakly,  unlefs  it 
be  dephlogiRicated  ( a ) ; in  which  Rate  it  dif- 
folves  all  metals  completely. 

The  other  acids,  as  the  fluor  acid,  the  acids 
of  arfenic  and  borax,  and  all  thofe  obtained 
from  the  organized  kingdom,  are,  in  general, 
inferior  in  folvent  virtue  to  the  preceding. 

(b)  With  refped  to  the  metals,  fome  are 
very  eafily  diflolved,  others  not  without  great 
difficulty,  and  that  in  the  fame  menflruutn. 
Zinc  and  iron  are  readily  dilfolved  in  every  acid  ; 
filver  eludes  the  marine,  and  gold  even  the  ni- 
trous acid.  Yet  thefe  metals,  which  in  their 
natural  Rate  obRinately  refiR  folution,  may  be 
made  folubJe  by  depriving  them  of  a proper 

proportion 
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proportion  of  their  inflammable  principle.  I 
exprefsly  mention  a proper  proportion ; for  ex- 
perience fhews,  that  iron,  and  particularly  tin, 
are  made  refraflory  by  too  much  dephlogiftica- 
tion  ; but  nothing  more  plainly  fhews  the  li- 
mits of  this  procefs  than  manganefe,  which, 
when  calcined  to  blacknefs,  cannot  be  diffolved 
without  the  addition  of  fome  inflammable  mat- 
ter, but,  when  reduced  to  whitenefs,  diffolves 
in  all  acids  ( [b ). 

(c)  If  we  confider  the  manner  of  the  folu- 
tion  with  accuracy,  we  fhall  find,  that  the  dimi- 
nution of  complete  metals,  even  to  the  laft  via- 
ble particle,  is  accompanied  by  an  effervefcence  j 
that  is,  innumerable  air-bubbles  continually  rife 
from  the  furface  of  the  metals,  and  float  to  the 
furface  of  the  furrounding  liquor.  Thefe  are 
the  more  frequent,  in  proportion  to  the  quick- 
nefs  of  the  folution,  and  are  very  few,  and 
lcarcely  vifible,  when  it  proceeds  very  flowly. 

The  elaflic  fluid,  which  is  thus  extricated 
from  metals  by  nitrous  acid,  if  colle&ed  by  a 
proper  apparatus,  and  examined,  is  found  to  be 
nothing  more  than  what  is  commonly  called 
nitrous  air  ; but,  when  the  menflruum  is  con- 
centrated, it  abforbs  a ccnfiderable  quantity  of 
this  air.  By  means  of  vitriolic  acid,  inflam- 
mable air  is  obtained  from  zinc  and  iron,  as 
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alfo  by  means  of  marine  acid;  but,  from  the 
other  metals  diffolved  in  vitriolic  acid,  we  ob- 
tain another  fpecies  of  air,  called  vitriolic  acid 
air ; and,  by  the  marine  acid,  another  fimilar 
to  the  former,  called  muriatic  air , but  both 
more  or  lei's  mixed  with  inflammable  air. 

(d)  Frequently,  during  the  folution  of  a me- 
tal, heat  is  generated  in  the  liquor,  the  intenfi- 
ty  of  which  follows  the  compound  ratio  of  the 
bulk  of  the  mafs,  and  the  quicknefs  of  folu- 
tion ; therefore,  when  the  mafs  is  very  fmall, 
and  the  folution  proceeds  very  flowly,  the  tem- 
perature fcarcely  fullers  any  alteration. 

(e)  The  calxes  of  metals,  during  folution, 
either  give  out  no  air  at  all,  or  elfe  the  aerial 
acid  ; unlefs  when,  after  being  evaporated  to 
drynefs,  they  are  urged  by  a violent  heat  almolt 
to  ignition;  for  in  this  Hate,  by  means  of  vitri- 
olic or  nitrous  acid,  they  give  out  a portion  of 
pure  air,  which  cannot  be  got  by  means  of  ma- 
rine acid.  According  to  circumftances,  a vi- 
triolic or  nitrous  air  is  alfo  fometimes  produ- 
ced, and  even  that  fpecies  which  is  commonly 
called  phlogifticated  air. 

(f)  Various  metals,  when  diffolved,  impart 
certain  determined  colours  to  their  menftrua ; 
fuch  are  gold,  platina,  copper,  iron,  tin,  nickel, 
and  cobalt  : The  reff,  if  properly  depurated, 
yield  no  tinge.  A folution  of  filver,  at  firft,  is 

fometimes  of  a blue  or  green  colour,  although 

there 
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there  be  no  copper  prefent.  The  vitriolic  acid 
grows  blue  with  copper  ; the  nitrous  may  be 
made  either  blue  or  green  at  pleafure  ; the 
marine  varies  according  to  the  quantity  of  wa- 
ter with  which  it  is  diluted.  Manganefe,  when 
too  much  dephlogifticated,  renders  both  the 

vitriolic  and  marine  acids  purple. 

\ 

5 iii.  Explanation  of  the  above  mentioned  Phae - 

nomena. 

At  prefent,  no  one  can  reafonably  doubt  that 
folution  is  the  efteft  of  attraction  ; we  may 
therefore  lay  that  down  a§  a fundamental  pro- 
pofition,  and  proceed  to  illuftrate  (in  the  bed 
way  we  are  able)  the  more  remarkable  circum- 
ftances  of  the  operation,  confidering  it  not  in  a 
general  view,  but  merely  as  it  regards  metals. 

Upon  attentive  confideration,  it  readily  ap- 
pears, that  “ no  metal  can  be  taken  up  by  an  acid9 
“ and , at  the  fame  time,preferve  the  whole  quantity 
“ °f  phlogiflon  which  was  necejfary  to  it  in  its  me- 
“ tallic  ftate .”  A certain  proportion,  therefore, 
of  the  principle  of  inflammability  may  be  confi- 
dered  as  an  obftacle,  which  mud  be  removed 
before  folution  can  take  place.  Let  us  fee  now 
how  this  doCtrine  will  apply  to  the  more  remark- 
able phaenomena  feparately  confidered. 

(a)  Of  all  the  acids  the  nitrous  attracts  phlo- 
giflon the.  mod  powerfully,  and  feparates  even 

Z 4 ‘ from 


360  of  METALLIC  PRECIPITATES. 


from  the  vitriolic  acid.  If  this  be  doubted,  lee 
fulphur  be  flowly  boiled  in  concentrated  nitrous 
acid,  at  length  all  its  phlogifton  will  be  found 
leparated,  and  the  vitriolic  acid  will  remain  de- 
prived of  its  principle  of  inflammability.  The 
extraordinary  lolvent  power  of  this  acid,  there- 
fore, is  conformable  to  the  peculiarity  of  its  na- 
ture in  this  refpefl ; for  this  menltruum  adapts 
metals  for  folution  with  the  greateft  eafe,  molt 
commonly  without  any  affiftance  from  external 
heat,  which,  in  fome  inftances,  would  be  hurt- 
ful, by  feparating  too  much  of  the  phlogifton. 
This  laft  cafe  is  fufficiently  illuftrated  by  iron, 
tin,  and  antimony,  all  which  may  be  fo  far  de- 
prived of  phlogifton  as  to  be  very  difficultly  fo- 
luble  in  acids  ; it  is  therefore  not  unfrequently 
neceffary  to  temper  the  a&ivity  of  this  men- 
ftruum  by  water. 

The  vitriolic  acid  does  not  a£t  upon  filver  or 
mercury,  unlefs-  when  boiling  ; for,  by  means 
of  the  heat,  the  watery  part  of  the  acid  is  di- 
miniflied,  its  power  is  thereby  increafed,  and 
the  connexion  of  the  inflammable  principle  with 
the  metallic  earth  is  diminiffied. 

Marine  acid,  which  contains  phlogifton  as 
one  of  its  proximate  principles,  muft  neceflarily 
have  but  little  or  no  effect  on  thofe  metals 
which  retain  their  principle  of  inflammability 
very  obftinately ; but,  when  boiling,  its  watery 
part  is  diminilhed,  and  it  affumes  the  form  of 
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an  aerial  elaftic  fluid,  in  which  Hate  it  power- 
fully attracts  a larger  proportion  of  phlogifton 
than  befoi^  ; but,  when  dephlogifticated,  it  at- 
tracts phlogiflon  with  prodigious  avidity,  readi- 
ly atta&ing  all  metals,  and  rendering  them  fo- 
luble  by  the  abftraCtion  of  their  phlogifton, 
which  it  unites  to  itfelf,  and  refumes  the  ordi- 
nary form  of  marine  acid.  This  acid,  when  de- 
phlogifticated in  aqua  regis  by  means  of  the  ni- 
trous acid,  diflolves  gold  and  platina. 

Upon  this  principle  we  can  eafily  account  for 
the  inferiority  of  power  in  the  other  acids. 

(b)  As  to  the  metals,  they  retain  their  phlo- 
gifton with  very  unequal  degrees  of  force  : A 
few  of  them,  which  are  called  the  perfect  me- 
tals, effectually  refill  calcination  in  the  via  tic- 
ca. In  this  operation,  on  the  one  hand,  the 
fire,  which  wonderfully  increafes  the  volatility 
of  bodies,  ftrenuoufly  endeavours  to  expel  the 
phlogifton,  which  certainly  is  the  lighted  of  all 
material  fubftances  ; on  the  other,  the  portion 
of  pure  air  which  occurs  in  the  furrounding  at- 
mofphere,  attracts  the  phlogifton  ftrongly.  Ex- 
perience, however,  fliews,  that  thefe  two  forces 
united  cannot  decompofe  gold,  platina,  or  El- 
ver, to  any  confiderable  degree  : All  the  other 
metals  yield  to  thefe  forces  when  united,  but 
not  fingly.  Iron  and  zinc  retain  their  inflam- 
mable principle  fo  flightly,  that  any  acid  imme- 
diately ac.s  upon  them  j but  if,  by  dry  calcina- 
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tion,  metals  be  properly  prepared,  the  menftrua 
will  immediately  take  them  up  ; nor  is  there 
need  of  any  further  privation,  which,  on  the 
contrary,  would  be  injurious,  and  precipitate 
what  was  before  diflolved.  For  example,  let 
us  recollect  the  effe&  of  the  nitrous  acid  : This, 
added  to  folution  of  tin  or  antimony  in  marine 
acid,  by  its  extraordinary  violence,  carries  off 
fo  much  phlogifton,  that  the  calxes,  being  too 
much  deprived  of  that  principle,  are  precipi- 
tated. 

(c)  We  are  now  come  to  the  molt  difficult 
point  of  all,  I mean  the  production  of  the  vari- 
ous elaftic  fluids  which  referable  air.  The  com- 
plete difcuflion  of  this  fubject  does  not  properly 
belong  to  this  place ; but  as  fome  circum- 
ftances,  hereafter  to  be  mentioned,  cannot  pro- 
perly be  underftood  without  a knowledge  of  the 
fundamental  principles  of  this  phaenomenon,  I 
think  it  neceffary  to  give  a brief  relation  of  what 
I have  been  able  to  learn  on  this  head,  from  my 
own  experiments,  and  thofe  of  others ; fome  of 
which  I apprehend  to  be  certain,  and  paft  con- 
troverfy  ; others  (as  yet  only  plaufible)  to  be 
confirmed,  corre&ed,  or  rejected  by  new  expe- 
riments. 

A great  variety  of  different  aeriform  fluids 
have  been  obferved  ; of  thele,  eight  only  are 
certainly  known  with  refpeCt  to  their  compofi- 
vion  *,  thefe  are  the  fluids  extricated  by  the  vi- 
triolic, 
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friolic,  nitrous,  and  marine  acids,  fluor  acid, 
vinegar,  alkaline  falts,  and  hepar  fulphuris. 

Pure  vitriolic  acid,  expofed  to  a violent  heat, 
is  indeed  refolved  into  vapours,  but  vapours  of 
fuch  a nature,  that,  when  the  heat  is  gone,  they 
condenfe  again  into  an  acid  liquor,  of  the  lame 
nature  as  before  ; but,  if  any  lubltance  be  add- 
ed which  is  loaded  with  phlogilton  in  a feparable 
ft  ate,  by  means  of  fire  an  elaftic  vapour  is  pro- 
duced, which  is  not  condenfable  by  the  molt 
extreme  cold,  provided  it  does  not  come  in  con- 
tact with  water.  This  is  the  vitriolic  acid  air , 
which  may  be  totally  abforbed  by  water  ; in 
which  cafe  the  bond  of  union  between  it . and 
the  phlogilton  is  fo  weakened,  that  this  laft  gra- 
dually flies  off,  and  at  length  common  vitriolic 
acid  is  regenerated.  We  fee,  therefore,  that 
this  acid,  by  means  of  a fufficient  quantity  of 
phlogilton,  may  be  expanded  into  an  elaftic 
fluid. 

The  nitrous  acid  undergoes  a fimilar  and 
more  perfect  change,  in  a manner  Itill  more 
obvious  : Let  a fmall  piece  of  filver  (for  ex- 
ample) be  put  into  nitrous  acid,  and  inftantly 
innumerable  bubbles  arife,  and  float  to  the  fur- 
face  : Thefe  collected  produce  the  nitrous  air. 
The  bubbles  upon  the  furface  of  the  metal, 
where  the  acid  particles  are  fufficiently  loaded 
with  phlogilton,  aflume  an  elaftic  and  highly 
dilated  form  j fo  that  they  rife  by  their  fpecific 

levity. 
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levity,  and  chace  one  another  from  the  feveral 
points  of  the  metal.  The  nitrous  acid  faturates 
itfelf  with  phlogifton  more  greedily  than  the 
vitriolic  ; and  therefore  the  elaftic  fluid  does 
not  unite  with  water,  and  retains  fcarcely  any 
veftige  of  an  acid  nature.  Synthetical  obfer- 
vations  agree  perfectly  with  analyfis  ; for,  up- 
on the  accefs  of  pure  air,  which  poflefles  a ftill 
greater  attra&ion  for  phlogifton,  the  acid  yield- 
ing it  up,  immediately  reaflumes  its  original 
form  and  properties  ; but  the  nitrous  air  dif- 
fers fomewhat  from  the  vitriolic  alfo  in  this  re- 
fpedt,  that  the  phlogifton  is  not  only  abforbed, 
fo  far  as  to  obliterate  the  acid  nature,  but  even 
beyond  that  point.  This  I am  convinced  of  by 
many  experiments,  one  of  which  will  be  fufti- 
cient,  namely,  the  decompofition  (V)  of  hepatic 
air  by  means  of  nitrous  air. 

The  marine  acid  exhibits  different  phaeno- 
mena  : This  acid  contains  phlogifton,  and,  by 
its  means,  can  be  refolved  into  an  elaftic  fluid, 
called  muriatic  air , which  is  permanent  fo  long 
as  it  is  kept  from  the  contadt  of  water  ; but, 
like  the  vitriolic,  upon  the  accefs  of  water  it  re- 
affumes  the  form  of  marine  acid.  As  this  acid 
naturally  contains  phlogifton,  there  is  no  ne- 
ceflity  for  an  addition  : In  the  mean  time,  this, 
in  the  fame  manner  as  nitrous  air,  when  in  its 

expanded 
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expanded  Rate,  attracts  a Rill  larger  proportion 
of  phlogifton,  and  that  with  wonderful  avidity. 

When  the  natural  quantity  of  phlogifton  is 
diminilhed,  the  marine  acid  yields  another  ela- 
ftic fluid  of  a reddifh  brown  colour,  poflfefllng 
the  peculiar  odour  of  warm  aqua  regia.  This 
does  not  unite  with  water,  or  but  in  an  exceed- 
ing fmall  quantity ; and,  upon  the  addition  of 
a due  quantity  of  phlogifton,  may  be  again  re- 
duced to  marine  acid.  The  experiments  made 
on  the  black  calx  of  manganefe,  and  on  white 
arfenic  ( d ),  which  I have  often  repeated,  and 
carefully  weighed,  I confider  as  indubitable 
evidences  of  this  connection.  Whether  the  ma- 
rine acid  can  by  any  other  than  thefe  two  me- 
thods be  dephlogifticated,  I am  as  yet  ignorant. 

The  fluor  acid  abounds  with  phlogifton,  and 
therefore  may,  without  any  adventitious  matter, 
be  reduced  to  an  elaftic  fluid.  This  air  is  eaft- 
ly  diftinguilhed  from  all  others,  as,  when  hot, 
it  corrodes  glafs. 

Vinegar  alfo  naturally  contains  phlogifton  ; 
and,  for  that  reafon,  when  well  dephlegmated, 
can  produce  an  elaftic  vapour,  which  is  called 
acetous  air. 

All  thefe  elaftic  fluids  feem  to  be  nothing- 
more  than  the  acids  themfelves,  expanded  by 
phlogifton.  Perhaps  the  matter  of  heat  alfo 
enters  into  their  compofltion. 

This 
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This  is  alfo  the  cafe,  with  cauftic  volatile  al- 
kali, which  yields  the  alkaline  air. 

Finally,  among  thofe  elaftic  fluids,  the  com- 
pofition  of  which  we  are  acquainted  with,  we 
may  place  the  hepatic  air , in  which  we  have  de- 
monflrated  fulphur  ( e ) united  with  the  matter 
of  heat,  by  the  intervention  of  phlogiflon. 

The  origin  of  the  other  elaftic  fluids  is'  as  yet 
fo  involved  in  darknefs,  that  we  can  fcarcelv 
eftablifh  any  thing  certain  with  regard  to  them  : 
Thefe  are  of  four  kinds  ; and,  in  conformity 
with  the  received  opinion  concerning  their  pro- 
perties, are  called  fixed,  air , phlogifiicated  air , de- 
phlogifiicated  air , and  inflammable  air. 

Of  the  firft,  I think  it  is  evidently  demon- 
ftrated  to  be  of  a peculiar  nature,  and  always 
acid.  Dr  Prieftley  conftders  it  only  as  a modi- 
fication of  nitrous  acid  j nay,  he  urges  that  the 
vitriolic  and  nitrous  acids  are  no  more  than  va- 
rieties  of  the  fame  fubftance.  This  point  I will 
not  abfolutely  deny  ; but  the  foundation  on 
which  thefe  aflertions  reft,  feems  to  me  to  be 
very  infuflicient.  Thus,  in  the  preparation  of 
aether  by  vitriolic  or  nitrous  acid,  he  obtained 
a confiderable  quantity  of  fixed  air,  which  he 
affirms  to  have  been  generated  during  the  ope- 
ration ; but  we  muft  obferve,  that  a large  pro- 
portion of  fpirit  of  wine  enters  into  this  pre- 
paration. 


(r)  Treatife  on  the  Ores  of  Zinc,  § ix.  x. 
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paration.  Now,  we  find  that  fixed  air  abounds 
almofl  every  where  throughout  all  organized 
bodies  ; why  then  fhould  fpirit  of  wine,  which 
owes  its  origin  to  vegetables,  be  fuppofed  en- 
tirely void  of  it  ? As  this  is  very  volatile,  it  is 
only  in  a clofe  veffel  that  it  remains  entire,  and 
eludes  the  force  of  fire  ; but,  when  hot,  it  gives 
off  the  fixed  air  : Befides,  by  the  addition  of  the 
ftronger  acid,  its  texture  is  broken,  and  the  fub- 
tile  acid,  which  before  was  latent,  now  breaks 
forth.  Add  to  this,  that,  whether  vitriolic,  ni- 
trous, or  marine  acid,  or  even  vinegar,  be  ufed 
in  the  preparation  of  aether,  aerial  acid  is  pro- 
duced. Either,  then,  the  aerial  acid  is  com- 
mon to  all  the  acids,  (which  is  by  no  means 
confirmed),  or  it  is  derived  from  the  decompo- 
fition  of  the  fpirit  of  wine  ; otherwife  I acknow- 
ledge, that  the  conjecture  of  fixed  air  origina- 
ting from  nitrous  acid,  does  not  appear  impro- 
bable ; of  which  we  lhall  fay  more  hereafter. 

That  fpecies  of  air  which  is  indifpenlably  ne- 
ceffary  for  the  fupport  of  flame,  and  for  animal 
refpiration,  is  generally  called  dephlogiflicated. 
This  air,  united  with  a certain  quantity  of  phlo- 
gifton,  conftitutes  the  matter  of  heat,  as  Mr 
Scheele  has  demonftrated  by  a long  train  of 
experiments,  the  chief  of  which  I have  repeated 
with  the  fame  fuccefs.  Setting  this  down  as  a 
principle,  let  us  fee  what  alterations  fuch  air  is 
liable  to.  The  purefl:  air  of  this  kind  which 
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can  be  got,  cannot  be  rendered  unfit  for  the 
fupport  of  inflammation  or  refpiration,  either 
by  flame,  by  nitrous  air,  by  ele&rical  fparks,  or 
any  other  of  thofe  operations  by  which  we  cer- 
tainly know  phlogifton  to  be  fet  at  liberty ; yet 
it  contracts  in  dimenfion,  and  is  at  length  en- 
tirely confumed,  and  that  in  fuch  a manner, 
that,  united  with  the  phlogifton,  it  forms  the 
matter  of  heat,  and,  being  utterly  incoercible, 
pervades  all  manner  of  veflels.  A very  elegant 
appearance  may  be  produced  by  this  air  ; for, 
if  a piece  of  wood,  or  a candle  newly  extin- 
guifhed,  be  put  into  a bottle  containing  it,  pro- 
vided the  fmalleft  particle  remains  ignited,  a 
flame  is  inftantly  kindled  with  a bright  coruf- 
cation,  and  as  it  were  explofion.  This  flame  is 
difFufe  and  decrepitates,  and  the  eye  can  fierce- 
ly bear  its  fplendour.  When  this  experiment 
is  performed  in  an  inverted  vefifel,  the  orifice  of 
which  is  kept  beneath  mercury,  it  is  evidently 
feen,  that  almoft  the  whole  of  the  air  difap- 
pears  ; the  remainder  amounts  to  A,  nay, 
fometimes  fcarcely  forms  o,or  of  the  original 
bulk ; and  this  refiduum  confifts  partly  of  aeri- 
al acid,  and  partly  of  air  unfit  for  fuftaining 
flame,  or  being  fubfervient  to  refpiration,  which 
had  been  originally  mixed  with  the  pure  air. 

The  fame  thing  takes  place  on  the  admixture 
of  dephlogifticated  and  nitrous  air ; fometimes 
fcarcely  any  remains,  fometimes  T\  of  the  bulk, 
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but,  in  general,  much  more.  The  variations 
in  the  quantity  of  the  refiduum  are  fufficient  to 
fhew  the  different  degrees  of  dephlogidication, 
or  (which  is  the  fame)  the  different  degrees  of 
purity  of  the  air.  This  purity  may  be  account- 
ed for  in  three  different  ways ; for,  either  all 
its  particles  may  be  of  the  fame  nature  with  the 
whole,  or  a certain  number  of  exceeding  pure 
particles  may  be  mixed  with  a determined  quan- 
tity of  fuch  as  are  very  impure  ; or,  finally,  the 
different  particles,  being  each  endowed  with 
their  own  peculiar  degree  of  goodnefs,  compofe 
a mafs  of  an  intermediate  nature.  Each  of 
thefe  cafes  may  occafionally  take  place  ; but,  in 
my  apprehenfion,  the  laft  feems  to  be  more  con- 
formable to  the  ufual  order  of  nature.  With 
refpedl  to  the  explanation  of  the  phaenomena, 
they  all  apply  equally  ; but,  as  the  fecond  ap- 
pears to  be  the  mod  fimple,  I choofe  that.  Let 
us  now  fuppofe  the  perfect  nitrous  air  (which, 
upon  the  lofs  of  phlogidon,  is  all  refolved  into 
nitrous  acid)  mixed  to  the  point  of  faturation 
with  dephlogifticated  air,  then  all  the  elaffic 
fluid,  which  had  been  confined  by  the  glafs,  dis- 
appears, by  generating  heat,  and  penetrating  the 
veffel.  This  takes  place  if  the  dephlogifticated 
air  be  perfedtly  pure  ; if  not,  the  refiduum  will 
determine  the  degree  of  its  impurity.  Upon 
this  principle,  the  beft  common  aerial  air  is  Laid 
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to  contain  of  dephlogiflicated  air  and  the 
worft  -i. 

It  is  probable  that  good  may  be  converted 
into  noxious  air ; this  mud  be  owing  either  to 
the  abftra&ion  of  fomething  from  the  mafs,  or 
the  addition  of  fome  heterogeneous  matter  to  it. 
The  ableft  philofophers  have,  by  unanimous 
confent,  determined  the  latter  to  be  the  cafe, 
and  confider  phlogifton  as  the  caufe  of  this  cor- 
ruption. However,  let  us  for  a minute  wave 
thefe  opinions,  how  refpe&able  foever,  and  can- 
didly inquire  into  the  truth  of  the  fa£t,  at  the 
fame  time  begging  pardon  for  the  boldnefs  of 
our  attempt. 

Let  us  examine  thofe  procefles  by  which 
phlogiftication  is  performed  : Let  us  fuppofe  a 
lighted  candle  fet  cautioully  in  air  of  abfolute 
goodnefs,  we  fhall  fee  an  exceeding  vivid  flame, 
and  the  candle  will  be  confumed  with  extraor- 
dinary fwiftnefs,  until  a fmall  portion  of  air  re- 
mains, which  exhibits  the  properties  of  aerial 
acid,  proceeding  doubtlefs  from  the  tallow,  in- 
to the  compofition  of  which  that  acid  enters  in 
great  quantity.  The  phlogifton,  being  fet  at 
liberty  by  the  combufliion,  is  feized  by  the  pure 
air,  is  converted  into  heat,  and  penetrates  the 
veffels ; and  hence  the  diminution  of  bulk  which 
is  obferved.  If,  at  firfl;,  there  had  been  more 
pr  lefs  of  air  unfit  for  fuftaining  flame,  that  air 
\yjil  be  in  the  end  left  behind  entirely  unchan- 
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ged,  together  with  the  aerial  acid  ; but,  in  this 
cafe,  the  diminution  of  bulk  will  be  lefs. 

We  have  already  explained  the  mode  of  ope- 
ration of  the  nitrous  air. 

Let  a mixture  of  tin,  lead,  and  bifmuth,  which 
melts  by  the  heat  of  boiling  water,  be  fufed  in 
a clofe  glafs  velfel,  the  air  which  is  included 
will  be  diminifhed  in  proportion  to  its  good- 
nefs  5 and  if  this  be  abfolutely  pure,  a propor- 
tional quantity  of  the  metal  will  be  entirely  cal- 
cined, and  the  whole  of  the  elaftic  fluid  will 
difappear. 

Electrical  fparks  are  fmall  flames,  which  in- 
dicate the  extrication  of  phlogifton,  and,  at  the 
fame  time,  generate  heat. 

All  thefe  phaenomena  concur  in  fliewing  that 
pure  air  acquires,  by  phlogiftication,  fo  great 
a degree  of  fubtlety,  that  it  cannot  be  confined 
m glafs  veflels,  nor  be  any  longer  infpired ; 
but  no  noxious  air  is  produced.  Now,  if  a fi- 
mflar  phlogiftication  took  place  on  refpiration, 
a fimilar  diminution  of  bulk  would  alfo  be  ob- 
lerved,  which  is  contrary  to  experiments  the 
moft  accurate.  Mice,  when  included  in  air 
confined  by  mercury,  and  fuffered  to  die  there 
do  not  occafion,  in  general,  a diminution  of  air 
equal  to  7-yy,  a lofs  which  is  doubtlefs  owing  to 
the  fmall  portion  of  air  expelled  by  the  heat  of 
the  animal  at  its  firft  introduction.  A very 
different  operation  feems  therefore  to  be  per- 
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formed  in  the  procefs  of  refpiration,  from  that 
which  is  carried  on  during  deflagration  ; per- 
haps the  air  rather  conveys  phlogifton  to  the 
lungs  than  takes  it  away.  From  whence  does 
a pine,  growing  in  the  dryeft  fand,  receive  its 
oily  matter,  is  it  not  from  the  air  ? Such  ani- 
mals as,  by  manducation,  mix  a large  quantity 
of  air  with  their  food,  are  obferved  to  grow  fat 
in  an  extraordinary  degree.  But  we  Ihall  wave 
thofe  arguments  drawn  from  analogy,  and  pro- 
ceed to  fuch  as  are  more  direct : — The  air  in 
which  flame  is  extinguiflied,  can  be  breathed 
almoft  as'  long  as  aerial  air;  neverthelefs,  du- 
ring deflagration,  phlogifton  is  copioufly  evol- 
ved, and  by  it  the  pure  air  is  fitted  for  efca- 
ping  through  the  veflels,  but  is  not  vitiated, 
which  it  always  is  by  refpiration.  Frefh  blood, 
when  agitated  in  pure  air,  does  not  diminifli  its 
bulk,  but  renders  it  unfit  for  fupporting  flame. 
But,  if  the  difcharge  of  phlogifton  from  the 
lungs  was  fo  indifpenfibly  neceflary  as  the  mo- 
derns aflfert,  undoubtedly  inflammable  air  would 
be  the  moft  noxious  of  all ; neverthelefs,  the 
celebrated  Mr  Scheele  had  courage  to  make 
the  experiment,  and  to  infpire  air,  extricated 
from  iron  by  vitriolic  acid,  no  lefs  than  30  fuc- 
eefiive  times.  After  this,  its  bulk  was  found 
the  fame  as  before ; and  its  inflammability  not 
only  deftroyed,  but  its  nature  fo  changed,  that 
it  extinguiflied  flame.  I have  myfelf  repeated 
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this  remarkable  experiment  with  the  fame  fuc* 
cefs,  except  that  I was  not  able  to  infpire  above 
twenty  times. 

Hence  it  appears,  at  lead:,  that  phlogifton- 
may  be  abforbed  by  the  lungs  without  any  con- 
fiderable  danger.  I acknowledge,  that  fmall 
animals,  when  inclofed  in  this  kind  of  air,  foon 
perilh  ; but  this  does  not,  in  my  judgment,  at 
all  tend  to  Ihew,  that  the  inflammable  principle, 
in  more  Ample  combinations,  cannot  be  inno- 
cent, or  even  falutary  and  neceflary  to  the  ani- 
mal oeconomy.  When  we  confider  the  prodi- 
gious quantity  of  this  fubtile  principle,  which 
is  found  in  all  organized  bodies,  the  powerful 
effefts  which  the  proportion  of  its  quantity  pro- 
duces in  the  formation  of  different  fubftances, 
we  flrall  foon  fee  the  neceflity  of  continually 
repairing  the  lofs  of  phldgifton  which  the  blood, 
fuffers  during  circulation  from  the  feverai  fe- 
cretions.  Let  the  fagacious  obfervers  of  nature 
examine  carefully  this  problem  ; let  them  de- 
vife  and  execute  fuitable  experiments,  and  l 
trufl  that  this  material  point  will  foon  be  de- 
termined. In  the  mean  time,  fince  all  organi- 
zed bodies  are  incapable  of  flourifhing,  or  even 
of  exirting,  without  good  air,  we  mud  take 
leave  to  call  this  air  good , or  rather  pure,  until 
its  dephlogiflicated  ftate  is  evinced  by  uncon- 
trovertible arguments  5 and  to  call  that  air  vi- 
tiated which  is  ufually  called  phlogijlic cited,  as  it 
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labours  perhaps  rather  under  a deficiency  than 
a fuperabundance  of  phlogifton. 

I fhall*here  briefly  explain  a theory  of  aeri- 
form fubftances,  fome  circumftances  of  which  I 
hinted  in  an  oration  before  the  Royal  Acade- 
my of  Sciences,  in  1777.  Some  of  thefe  cir- 
cumftances have  fince  appeared  to  me  eftablifh- 
ed  beyond  doubt,  and  others  of  them  only  pro- 
bable, but  yet  to  be  fuch  as  agreed  well  to- 
gether, and  are  at  lead  worthy  of  a more  ac- 
curate examination.  Whether  the  confequence 
of  this  examination  be  to  eftablifh  or  to  over- 
throw them,  natural  philofophy  will  be  enrich- 
ed; and  I will  not  fpare  them  myfelf,  if,  by 
new  experiments,  I fhall  difcover  them  to  be 
falfe.  In  the  mean  time,  I hope  that  a curfory 
account  of  them  will  give  occafion  to  decifive 
experiments. 

The  celebrated  Dr  Prieflley  has  fhewn,  by  a 
multitude  of  experiments,  that  dephlogifticated 
air  may  be  extricated  from  almoft  all  bodies, 
by  means  of  nitrous  acid.  He  has  alfo  fhewn, 
that  this  air  is  found  occafionally  more  or  lefs 
mixed,  fometimes  with  aerial  acid,  fometimes 
with  nitrous  air,  fometimes  with  that  elaftic 
fluid  which  is  called  phlogifticated  air,  fome- 
times with  all  of  them  together,  yet  fo  difpofed 
that  they  generally  exhibit  themfelves  in  vari- 
ous order  ; fo  that  from  the  fame  mixture,  ex- 
pofed  to  fire  in  different  veffels,  fometimes  one 
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of  thefe  fluids  will  appear  firft,  foraetimes  in- 
termediate, and  fometimes  laft.  He  has  fhewn 
that  nitrous  acid  is  very  greedy  of  phlogifton  ; 
and  that  it  is  wonderfully  diverfified  by  the  va- 
riety of  quantity  and  connexion  of  this  prin- 
ciple. I fuppofe  it  is  well  known  that  a large 
proportion  of  phlogifton  in  a body  renders  it, 
in  general,  immifcible  with  water,  &c. 

May  not,  therefore , the  nitrous  acid , by  a cer- 
tain quantity  of  phlogifton , be  converted  into  aerial 
acid — the  phlogifton  imparting  to  it  elafticity 
and  levity,  weakening  its  acidity,  increafing  its  • 
attra&ion  for  abforbent  earths,  and  changing 
its  former  properties,  or  creating  new  ? 

May  not  its  acidity  be  fo  jar  reprejfed  by  a fill 
greater  quantity  of  phlogifton , that  it  will  elude 
our  examination,  refufe  to  unite  with  water,  be 
neither  eafily  deprived  of  its  phlogifton,  nor 
any  further  loaded  with  it ; being  unfit  for  ref- 
piration  by  its  obftinate  retention  of  phlogifton, 
and  for  the  fuftaining  of  flame,  by  its  being  no 
longer  able  to  take  up  more — thus  generating 
that  fpecies  of  air  which  is  called  phlogiftica- 
ted  ? 

May  it  not , by  an  abundant  quantity  of  phk- 
gif  on,  be  perfectly  mitigated , and  fo  become  ufeful 
both  to  flame  and  refpiration!  Thence,  on  the 
one  hand,  by  any  further  increafe  of  the  in- 
flammable principle,  it  becomes  fo  fubtili- 
zed  as  to  generate  heat,  and  thus  fuftains  fire 
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and  flame,  in  which  (late  it  pervades  all  veffelsj 
and,  on  the  other  hand,  by  any  further  dimi- 
nution of  that  principle,  or  (if  we  may  ufe  the 
expreffion)  a determinate  calcination,  returning 
occafionally  to  the  Hate  of  phlogifticated  air  or 
aerial  acid.  Animals  provided  with  lungs  are 
Jefs  able  to  dephlogillicate  this  air  than  thofe 
which  breathe  through  fpiracula,  or  than  vege- 
tables ; the  former  converting  it  into  phlogifti- 
cated air,  the  latter  (/)  into  aerial  acid.  The 
experiments  which  have  hitherto  been  inftituted 
in  another  way  fhew  a very  different  effect  of 
vegetation  upon  air ; but,  if  I am  not  miftaken, 
the  caufe  of  the  difference  depends  upon  the  di- 
verfity  of  circumftances.  We  know  that  vege- 
tables languifh,  grow  tranfparent,  and  lofe  their 
colour  in  the  dark  ; but,  when  thus  vitiated, 
are  fpeedily  reftored  by  the  rays  of  the  fun. 
Light  confifts  of  the  matter  of  heat,  with  an 
excefs  of  phlogifton;  this  excefs  is.  firft  abfor- 
bed,  and  afterwards  by  degrees,  though  with 
more  difficulty,  the  phlogifton  itfelf,  which 
eonftitutes  the  matter  of  heat,  is  feparated  ; for 
no  vegetation  can  proceed  without  heat  : And 
by  this  procefs  the  other  principle,  the  pure  air, 
is  fet  at  liberty.  Therefore,  according  to  the 
inequality  in  the  degrees  of  heat,  according  to 
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the  different  pofition  of  the  vegetables  with  re* 
fpeft  to  light,  according  to  their  different  pow- 
er in  decompofing  light  and  heat,  diflimilar  ef- 
fects muff  neceffarily  take  place. — Even  water 
itfelf,  which  appears  fo  fimple  and  homogene- 
ous a fubftance,  frequently  contains  invifible 
organized  bodies,  which,  when  operated  upon, 
by  the  fun’s  light,  by  their  vegetation  produce 
the  fame  decompofition,  and  generate  pure  air. 

If  the  varieties  of  noxious  air  can  be  render- 
ed wholefome  by  agitation  in  water,  (which  I 
confefs  I have  not  yet  examined  with  due  accu- 
racy), according  to  our  hypothefis  all  the  varie- 
ties, except  inflammable  air,  Ihould  be  loaded 
with  phlogifton  during  the  operation.  It  is 
known  that  water  always  contains  a portion  of 
pure  air  (g)$  and  daily  experience  fhews,  that 
air  difperfed  through  water  may,  by  continued 
agitation,  be  again  collected,  efpecially  with 
the  help  of  a little  heat.  Do  not  the  emenda- 
tions of  air  depend  upon  this?  Water  deprived, 
by  boiling,  of  its  air,  fpontaneoufly  recovers  it 
when  expofed  to  the  open  air  : But  water  is 
not  fluid  without  the  affiftance  of  heat,  and  to 
that  end  it  requires  a degree  equal  to  7 2°  (/?). 
I can  fcarcely  believe  that  the  matter  of  heat 
undergoes  any  decompofition  during  the  agita- 
tion j but  if  that  Ihould  fo  happen,  an  air  being 
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prefent  which  wants  phlogiflon,  a double  fourcc 
of  pure  air  will  occur ; the  one  by  its  fupera- 
bundant  phlogiflon  correcting  the  noxious  air, 
the  other,  by  the  extrication  of  phlogiflon,  fet- 
ting  free  the  pure  air  which  had  before  entered 
into  the  compofition  of  the  matter  of  heat. 

But  it  is  not  yet  fufficiently  clear  what  rank 
in  this  order  is  to  be  afligned  to  the  nitrous  air: 
It  abounds  with  a larger  quantity  of  phlogiflon, 
perhaps,  than  the  aerial  acid,  but  more  weakly 
united,  on  account  of  the  moifture  which  the 
celebrated  Fontana  has  (hewn  to  enter  its  com- 
pofition. Here,  too,  we  are  at  a lofs  for  the 
reafon  why  pure  air,  already  loaded  with  phlo- 
giflon, is  yet  able  to  defpoil  the  nitrous  acid  of 
that  principle. 

Inflammable  air  is  undoubtedly  charged  with 
abundance  of  the  principle  of  inflammability ; 
but,  in  other  refpeCls,  its  compofition  is  very 
obfcure.  On  the  one  hand,  it  cannot  exifl  in 
a perfect  flate  in  bodies  before  its  feparation, 
as,  if  that  was  the  cafe,  it  could  be  extricated 
even  by  nitrous  acid;  nor,  on  the  other,  does 
it  feem  to  require  the  admixture  of  any  parti- 
cular  acid  ; for  it  is  extricated  from  iron  equal- 
ly by  the  vitriolic  and  the  marine,  and  even  by 
any  acid,  except  that  of  arfenic,  and,  what  is 
molt  of  all  to  the  purpofe,  without  the  afliflance 
of  any  acid  menflruum  whatever,  but  merely 
by  a proper  degree  of  heat.  It  is  reduced  by 
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refpiration  to  a vitiated  air.  If,  therefore,  the 
above  theory  be  agreeable  to  truth,  the  prin- 
ciple of  it  ought  to  be  found  in  the  nitrous 
acid  ; but  as  pure  air,  on  the  accefs  of  a great- 
er quantity  of  phlogifton,  conftitutes  the  mat- 
ter of  heat;  and  that  which  is  called  inflam- 
mable air  feems  to  exceed  the  pure  in  quantity 
of  phlogifton,  yet  does  not  thereby  acquire  fub- 
tlety  enough  to  penetrate  glafs ; there  exifts, 
perhaps,  in  this  cafe,  fome  peculiar  connection: 
For  we  cannot  eafily  conceive  that  the  bare  in- 
creafe  of  phlogifton  can  render  the  texture  of 
its  parts  too  grofs  to  pafs  the  pores  of  the  glafs : 
We  muft,  however,  confefs,  that  fulphur,  which 
is  perhaps  more  loaded  with  phlogifton,  is 
much  denfer  than  vitriolic  acid.  Yet,  although 
inflammable  air  diflolves  fomewhat  of  the  me- 
tal, carries  it  up,  and  after  depofits  it  in  water, 
we  cannot  properly  conclude  that  the  metal  is 
neceflary  to  its  compofition.  In  like  manner, 
other  heterogeneous  matters  may  be  mixed  by 
folution  with  the  other  aeriform  fluids,  and  af- 
terwards removed  without  injuring  the  proper- 
ties of  the  fluids. 

Nature  proceeds  by  infenfible  gradations ; 
but  it  is  not  in  our  power  to  follow  her  clofe- 
ly,  being  only  capable  of  diftinguilhing  the 
more  remarkable  fteps.  There  is  no  doubt  but 
other  elaftic  fluids  form  intermedia  between 
thofe  that  we  are  acquainted  with ; of  this  we 
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are  the  more  confident,  as  we  know  for  certain, 
that  pure  air,  nitrous  air,  and  inflammable  air, 
are  not  always  procured  of  the  fame  degree  of 
virtue  and  efficacy. 

If  this  theory,  gathered  from  fuch  phaeno- 
mena  as  are  at  prefent  known,  be  true,  it  will 
not  be  difficult  to  underftand  the  generation  of 
nitre  upon  the  furface  of  the  earth ; the  inimi- 
cal nature  of  aerial  acid,  with  regard  to  refpi- 
ration,  above  all  other  noxious  fluids,  a proper- 
ty by  which  it  is  capable,  when  taken  into  the 
lungs,  of  deftroying  as  it  were  the  original  (la- 
mina of  the  animal  machine,  and  many  other 
circumftances  hitherto  involved  in  impenetrable 
darknefs. 

(d)  As  to  the  heat  generated  during  the  fo- 
lution  of  metals,  it  is  owing  to  the  matter  of 
heat  which  had  been  fixed  in  the  metals,  and  is 
now  fet  at  liberty  by  the  acid  menffrua.  All 
metals  are  eliquated  by  fire  ; fo  that  we  cannot 
determine  whether  this  depends  upon  the  fire 
ufed  in  fufion,  or  whether  it  belongs  to  metals 
themfelves.  Many  bodies  retain  a confiderable 
quantity  of  heat  fixed,  although  they  have  ne- 
ver been  expofed  to  the  fire,  as  we  have  already 
(hewn  in  th£  inftance  of  lapis  calaminaris  (i). 

(e)  The  calxes  of  metals  are  deficient  in  that 
quantity  of  phlogifton  which  is  neceffary  to  their 

metallic 
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metallic  flate,  but  yet  are  not  entirely  without 
it ; therefore,  in  their  folution,  fcarce  any  ela- 
ftic  fluids  are  generated,  unlefs  the  fire  be  con- 
tinued after  efxficcation : Such  as  contain  aerial 
acid,  difcharge  it  immediately  in  the  fame  form 
as  they  had  received  it.  It  is  remarkable,  that 
Dr  Prieftley  mentions  a calx  of  lead  which,  with 
the  acid  of  phofphorus,  produced  an  inflam- 
mable air.  By  means  of  the  nitrous  acid,  and 
evaporation  to  drynefs,  a pure  air  is  produced, 
partly  by  the  decompofition  of  the  matter  of 
heat,  and  partly  by  the  phlogiitication  of  the 
nitrous  air ; for  metallic  calxes,  and  feveral 
other  earthy  matters,  attract  the  nitrous  acid, 
and  fix  it  to  a certain  degree,  fo  that  it  can  be 
loaded  with  the  phlogifton  of  the  heat ; during 
which  operation,  the  pure  air,  which  is  the  other 
principle  of  heat,  is  fet  at  liberty,  and  at  length 
a like  air  is  generated  from  the  nitrous  air. 
Pure  nitre,  urged  by  fire,  illuftrates  this  procefs 
very  well.  If  nitre  be  kept  red  hot  upon  a tile 
for  half  an  hour,  and,  upon  cooling,  vinegar  be 
added,  or  even  a weaker  acid,  immediately  the 
phlogiflicated  nitrous  acid  is  difcovered  by  its 
fmell ; but  from  whence  can  this  phlogiftication 
be  deduced,  only  from  the  heat  pafling  through  ? 
Befides,  by  a long  continued  fire,  all  the  acid  is 
expelled  ; but  a very  fmall  quantity  of  it  may 
be  collected  in  a recipient  adapted  for  the  pur- 
pofe ; and,  in  the  mean  time,  by  means  of  a 

pneumatic 


3 8 2 OF  METALLIC  PRECIPITATES. 


pneumatic  apparatus,  air  of  different  degrees  of 
goodnefs  may  be  had  in  great  plenty.  Does 
not  this  manifeftly  indicate  fucceffive  changes 
taking  place  in  the  acid  ? 

Sometimes  a fmall  portion  of  vitriolic  air  is 
had,  by  means  of  a proper  degree  of  fire,  from 
vitriolic  acid,  but  a far  greater  quantity  of  pure 
air,  occafioned  by  the  decompofition  of  the  heat. 

(f)  The  folution  made  by  the  menftrua  above 
mentioned,  contains  a metallic  calx  intimately 
united  with  the  acid  ; but  the  quantity  of  phlo- 
gifton  remaining  varies,  according  to  the  diffe- 
rence of  the  menftrua,  and  of  the  temperature. 
The  operation  being  performed,  either  with  or 
without  an  intenfe  heat,  frequently  occafions  a 
notable  difference,  as  we  have  already  obferved 
in  the  inftance  of  (£)  nitrated  mercury.  That 
calcination  is  effected  more  gently  by  the  ma- 
rine than  by  the  nitrous  acid,  will  eafily  appear 
on  pouring  concentrated  nitrous  acid  on  tin  or 
antimony ; the  difference  is  not  fo  vifible  in  the 
other  metals,  if  it  actually  does  take  place. 

As  the  neceffity  of  this  calcination,  during 
the  folution  of  metals,  has  been  thought  by 
fome  modern  chemifts  not  only  doubtful  but 
even  falfe,  let  us  here  confider  feparately,  but 
briefly,  the  cafe  of  the  perfect  metals,  which 
they  infill  ought  to  be  excepted,  as  they  do  not 
yield  to  the  moft  intenfe  fire.  Let  us  therefore 

obferve, 
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.cbferve,  ill,  that,  during  their  folution,  nitrous 
air  is  always  generated,  and  of  a very  perfed 
kind;  this  cannot  arife  without  phlogifton;  but, 
in  this  cafe,  there  is  nothing  prefent  which  can 
yield  phlogifton,  except  the  metals  : Therefore, 
2d,  the  metals,  when  precipitated  from  the  men- 
ftrua  by  fixed  alkalis,  both  with  refped  to  their 
external  appearance  and  internal  properties,  ap- 
pear to  be  calcined  ; v.  g.  the  precipitate  of  gold 
rejeds  mercury,  is  difiolved  in  marine  acid,  and 
other  fimple  menftrua,  and  that  without  the 
produdion  of  any  elaftic  fluid.  3d,  Glafs  may 
be  ftained  by  thefe  metals  ; but  no  metal,  in 
its  complete  form,  can  be  taken  up  by  glafs, 
much  lefs  ferve  to  ftain  it. 

The  vulgar  objection  arifes  from  hence,  that 
the  calxes  of  the  perfect  metals  may  be  reduced 
folely  by  means  of  a fuflicient  degree  of  fire, 
without  the  addition  of  charcoal ; but  this  de- 
pends upon  the  great  force  with  which  thefe 
calxes  attract  phlogifton,  fo  that  they  are  able 
to  decompofe  the  matter  of  heat,  and  to  take 
away  and  retain  as  much  of  that  principle  as  is 
fuflicient  to  give  them  the  metallic  form  ; and 
it  is  for  this  reafon  that  they  refill  the  effed  of 
fire  fo  obftinately,  when  in  their  metallic  ftate  ; 
for  when  any  phlogifton  is  taken  away,  it  is  in- 
ftantly  replaced.  The  calxes  even  of  the  im- 
perfed  metals  attack  phlogifton,  but  are  not 
^ble  to  retain  a fuflicient  quantity.  Mercury  is 
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a.  fort  of  intermediate  fubftance,  as  it  may,  like 
the  imperfeCt  metals,  be  calcined  by  fire  alone, 
though  with  much  difficulty,  and  yet,  like  the 
perfect,  it  can  from  heat  alone  receive  phlogif- 
ton  to  faturation. 

The  following  has  been  propofed  to  me  as  an 
inextricable  dilemma  : “ Silver  cannot  amaU 

“ gamate  with  mercury , except  when  in  its  metal- 
6i  lie  fate , yet  both  falited  and  nitrated  filver  are 
<s  taken  up  by  mercury  ; it  is  therefore  not  cal - 
Ci  cined  by  the  acids , but  adheres  to  them  in  its 
c< , metallic  form”  We  ffiall  not  need  any  af- 
fiftance  from  the  higher  chemiftry,  in  order  to 
folve  this.  It  is  well  known,  that  the  calx  of 
copper,  diffolved  in  vitriolic  acid,  is  precipitated 
In  its  metallic  form  on  the  addition  of  iron,  and 
that  by  means  of  a double  elective  attraction  ; 
for  the  iron  diffolving  in  the  acid  would  form 
an  inflammable  air  by  its  phlogiflon,  were  not 
the  copper  prefent,  which  takes  it  up,  and  there- 
by becomes  infoluble  fo  long  as  it  retains  it  : 
But,  from  the  table  of  elective  attractions,  it 
appears,  that  mercury  poflefies  a ftronger  at- 
traction for  acids  than  filver  does  ; if,  there- 
fore, falited  or  nitrated  filver  be  triturated  with 
mercury,  the  filver  mull  be  precipitated  in  a 
metallic,  and  the  mercury  calcined  be  dilfolved. 
This  alfo  takes  place,  provided  there  be  moiiture 
fufficient  to  fuffer  the  elective  attractions  to  ope- 
rate: The  fuperabundant  mercury  greedily  takes 
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up  the  comminuted  filver  precipitate,  and  the 
arbores  Dianas  are  nothing  more  than  fuch  an 
amalgam  cryftaldized.  Upon  this  head  we  fhall 
fay  more  (§  iv.)  ; the  fundamental  objection  is 
therefore,  I hope,  removed.  But  although  the 
acids  cannot  take  up  any  metal  while  it  retains 
its  full  proportion  of  phlogifton,  yet  various  me- 
tallic falts  are  able  to  effect  that  folution  j thus 
nitrated  or  falited  mercury  boiled  in  water,  to- 
gether with  the  crude  metal,  can  take  up  a cer- 
tain proportion  of  it  without  dephlogiftication  ; 
and  the  latter  of  thefe  two  falts,.  by  this  method, 
even  in  the  via  ficca,  becomes  a mercurius  dul- 
cis,  which  contains,  at  the  fame  time,  a crude 
and  a (/)  calcined  mercury. 

Perfect  folutions  fhould  in  general  be  tranf- 
parent,  and  fome  are  alfo  diftinguifhed  by  a pe- 
culiar colour,  namely,  that  colour  which  is  pro- 
per  to  the  calx,  only  rendered  more  vivid  by 
the  moifture.  Thus  folutions  of  gold  and  pla- 
tina  are  yellow,  thofe  of  copper  blue  or  green, 
thofe  of  nickel  of  a bright  green,  thofe  of  co- 
balt are  red,  although  the  calx  is  black  ; we 
may  obferve,  that  even  this  red  colour  may  be 
heightened  to  blacknefs  : Iron,  moderately  cal- 
cined, is  green,  but  this  rarely  continues  upon 
further  dephlogiftication.  The  white  calxes  of 
lilver,  lead,  tin,  bifmuth,  arfenic,  zinc,  antimo- 
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ny,  and  manganefe,  are  diffolved  without  co- 
lour ; but  folutions  of  the  lead,  tin,  and  anti- 
mony, are  fomewhat  yellow,  unlefs  fufficiently 
diluted.  To  this  rule  mercury  forms  a fingu- 
lar  exception  ; for  the  orange-coloured  calx  of 
this  metal  is  taken  up  by  menflrua  without  co- 
lour. 

That  phlogiflon  is  the  chief  caufe  of  colour, 
appears  alfo  from  hence  ; the  black  calx  of 
manganefe  tinges  vitriolic  acid  with  a red  co- 
lour, but,  on  the  addition  of  fugar,  the  tinge  is 
entirely  (in')  deftroyed.  Nitrous  acid  is  ren- 
dered blue  by  copper,  but,  when  the  metal  is 
added  in  confiderable  quantity,  it  becomes  of  a 
very  deep  green  ; the  marine  acid,  which  de- 
phlogiflicates  the  copper  1 els , is  yet  made  green, 
but,  by  dephlegmation,  may  be  fo  condenfed  as 
to  appear  brown.  I have  fomedmes  leen  a fo- 
lution  of  filver  green,  although  there  was  not 
prefent  the  fmalleffc  particle  of  copper.  This 
depends  upon  the  abforption  of  nitrous  air ; for 
let  fmoking  nitrous  acid  be  diluted,  on  the  ad- 
dition of  a certain  quantity  of  water,  it  will  be, 
of  a deep  green,  by  a greater  blue,  and,  upon  a 
ftill  greater,  becomes  limpid  ; by  means  of  the 
water  the  nitrous  air  is  extended  to  a greater 
fpace  ; and  this  attenuation,  gradually  increafed, 
Varies  the  colours.  From  what  has  been  faid, 
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it  readily  appears  “why  nitrous  acid  is  made 
green  by  a large  quantity  of  copper. 

Metals  dephlogifticated  by  acid  folvents  pow- 
erfully attraft  phlogifton  ; nay,  nitrated  filver 
and  mercury,  and  falited  antimony,  cor- 
rode animal  fubftances,  in  order  to  extract  it. 
This  metallic  caufticity,  which  is  only  to  be 
moderated  by  phlogifton,  ought  to  be  carefully 
diftinguifhed  from  the  acid  caufticity,  which  is 
repreffed  by  alkalis,  and  the  alkaline,  which  is 
mitigated  by  acids.  According  to  the  quantity 
of  phlogifton  prefent,  colours  vary  ; and  fome 
experiments  (hew,  that,  by  a fufficient  quantity, 
all  colour  is  entirely  deftroyed,  fome  what  in  the 
fame  way  as  a white  light  is  generated  by  the 
union  of  the  feven  primitive  colours — but  of 
this  hereafter. 

5 iv.  Different  Species  of  Precipitations. 

Various  are  the  methods  by  which  diflolved 
metals  may  be  feparated  from  their  menftrua  ; 
and  the  appearance  and  nature  of  thofe  preci- 
pitates are  occafionally  varied  in  this  operation 
in  a very  fingular  manner.  We  fhall  mention 
fome  of  the  molt  remarkable. 

(a)  All  metals  may  be  precipitated  by  alka- 
line falts,  which,  by  their  fuperior  power  of  at- 
traction, feparate  them  from  their  menftrua  ; 
but  the  differences  of  thefe  alkalis,  with  refpeCt 
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to  their  nature  and  preparation,  imprefies  the 
precipitate  with  different  characters. 

With  the  cauftic  fixed  alkali  the  calxes  fall 
almofl  entirely  pure,  but  loaded  with  water,  and 
the  matter  of  heat  which  is  expelled  from  the 
alkalis  by  the  acid.  The  weight  is  found  to  be 
increafed  by  the  water,  and  perhaps  by  the 
matter  of  heat,  but  yet  lefs  than  by  the  aerial 
acid. 

With  the  aerated  fixed  alkali,  by  means  of  a 
double  decompofition,  the  aerial  acid  unites  to 
mofl  calxes.  We  have  already  obferved,  that 
the  vegetable  alkali,  completely  aerated,  preci- 
pitates a white  calx  from  falited  mercury,  but 
that  the  mineral  alkali  does  not  poffefs  that 
property. 

The  volatile  alkali,  which  naturally  contains 
phlogifton,  fometimes  phlogifticates  the  preci- 
pitates : It  throws  down  a black  or  white  pre- 
cipitate of  mercury  ; nay,  makes  the  orange- 
coloured  calx  white,  the  reafon  of  which  phae- 
nomenon  we  fliall  foon  fee.  Gold  receives 
from  this  precipitant  its  fulminating  quality,  as 
before  (y>)  explained. 

The  alkali,  which  is  commonly  called  phlo- 
gifticated,  generally  precipitates  metals  with  an 
increafe  of  weight,  as  Mr  Macquer  firffc  demon- 
ftrated. 
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(b)  Frequently  the  acids  occafion  precipitates, 
and  that  for  different  reafons. 

By  means  of  eledive  attraction,  filver,  mer- 
cury, and  lead,  are  taken  from  the  nitrous  acid, 
by  the  addition  of  the  marine  or  vitriolic. 
Thefe  acids  form  with  the  metals  new  com- 
pounds, which  are  difficult  of  folution  in  water ; 
they  are  therefore  precipitated  in  greater  or 
leffer  quantity,  according  to  circumftances. 

By  too  much  dephlogiftication  the  nitrous 
acid  can  decompound  falited  tin  and  antimony  3 
for,  when  thefe  calxes  are  too  much  calcined, 
they  rejed  menftrua. 

(c)  Alkalis,  faturated  with  acids,  which  are 
called  neutral  falts,  fometimes  diflurb  metallic 
folutions. 

By  means  of  a double  eledive  attradion,  all 
thofe  which  contain  vitriolic  or  marine  acid  de- 
compofe  folutions  of  filver,  mercury,  or  lead,  in 
marine  acid,  and  precipitate  the  metals. 

By  forming  a triple  combination,  the  vege- 
table, as  well  as  volatile  alkali,  although  fatu- 
rated with  vitriolic,  nitrous,  or  marine  acid, 
precipitate  platina  from  aqua  regia.  If  the  mi- 
neral alkali  forms  the  bafe,  the  neutral  fait  has 
no  power  of  this  fort : Thefe  phaenomena  are 
more  accurately  confidered  elfewhere. 

(d)  Some  metallic  falts  can  decompofe  others, 
and  precipitate  their  bafes.  This  may  happen 
when  the  acid  is  different  in  the  two  falts,  or, 
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what  is  more  fingular,  even  though  it  be  the 

fame. 

Solution  of  gold  gives  us  an  example  of  each 
of  thefe  two  cafes.  This,  as  is  well  known, 
is  precipitated  by  martial  vitriol,  although  the 
reafon,  fo  far  as  I know,  has  not  been  yet  ex- 
plained ; but,  upon  examining  the  precipitate 
carefully,  it  will  be  eafily  underftood  ; for  this, 
when  wafhed  and  dried,  not  only  fhews  many 
refplendent  gold-coloured  particles,  but  alfo 
unites  with  mercury  by  trituration,  dilfolves  in 
aqua  regia,  but  not  in  marine  acid  alone,  to- 
gether with  other  circumflances  which  evince  a 
Complete  refufcitation  of  the  gold.  Cryftalli- 
zable  martial  vitriol  contains  phlogilton,  but 
very  loofely  adhering,  fo  that  the  calx  of  the 
gold  may  very  eafily  take  it  away  to  fupply 
the  lofs  it  had  fuftained  during  the  folution. 
That  this  is  the  true  foundation  of  the  procefs, 
appears  alfo  from  this,  that  the  weight  of  the 
diffolved  gold  is  precifely  recovered  : It  is  alfo 
proved  from  this  cireumftance,  that  dephlogifli- 
cated  vitriol  will  not  precipitate  gold.  It  may 
reafo  n ably  be  inquired,  why  the  furrounding 
aqua  regia  leaves  fuch  a precipitate  untouched. 
The  reafon  is,  that  the  menflruum  is  diluted 
and  weakened  by  the  quantity  of  water  ; for, 
upon  boiling  it  gently,  fo  as  to  expel  the  water, 
the  menflruum  recovers  its  folvent  power,  and 
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takes  up  the  precipitate.  We  come  now  to  the 
origin  of  the  purple  precipitate. 

That  a folution  of  gold  in  aqua  regia  fhould 
he  precipitated  by  a folution  of  tin,  the  fame 
menftruum,  is  of  more  difficult  explanation  : 
In  this  cafe,  it  is  the  fame  menftruum  that  holds 
the  two  metals  dilfolved  ; what  then  is  the  caufe 
of  the  change  ? At  firft  I imagined  that  the  tin 
had  attraded  a fuperabundance  of  the  acid,  and 
taken  it  from  the  gold,  which  being  therefore 
deflit ute  of  the  proper  quantity,  muff  neceflari- 
ly  fall  to  the  bottom  5 but,  upon  employing  a 
folution  containing  fuperabundant  aqua  regia, 
the  fame  precipitate  was  occafioned.  The  caufe 
is  therefore  not  to  be  fought  in  the  menftruum  : 
Let  us  examine  the  precipitate  itfelf,  and  per- 
haps the  knowledge  of  its  properties  will  unfold 
the  myftery.  Its  external  appearance  fhews  no* 
thing  like  the  metallic  fplendour,  but  altogether 
refembles  a calx  : It  is  eafily  found  by  its 
weight,  that  it  cannot  confift  entirely  of  gold  ; 
and,  in  fad,  chemical  examination  difcovers  a 
confiderable  quantity  of  tin*  It  cannot  be  dif- 
folved  by  the  marine  acid  alone,  but,  upon  the 
addition  of  a little  nitrous  acid,  is  eafily  taken 
up : Triturated  with  mercury,  it  fcarcely  unites 
with  it.  Thefe  properties  feem  to  indicate,  that 
the  gold  has  fo  far  received  phlogifton  as  to  re- 
lift  the  marine  acid,  unlefs  aided  by  the  nitrous ; 
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but  its  earthy  appearance,  and  its  habits  with 
refpeft  to  mercury,  evince  that  it  is  not  in  its 
• complete  metallic  form.  May  not,  therefore, 
the  following  explanation  be  conformable  to 
truth  ? — The  folution  of  tin  necefiary  for  this 
operation  mult  retain  as  much  phlogidon  as  it 
polfibly  can,  confident  with  folubility.  This  is 
dropped  into  a folution  of  gold  very  much  di- 
luted, by  which  means  the  remaining  phlogidon 
of  the  tin  is  more  loofened,  and  is  more  eafily 
attracted  by  the  gold  calx,  v/hich  is  thereby 
brought  to  a date  approximating  to  completion, 
lb  that  it  can  no  longer  be  retained  by  the  men- 
ftruum;  and  the  fame  happens  to  the  tin,  by 
means  of  the  dephlogidication:  They  mud  both, 
therefore,  of  confequence  fall  to  the  bottom, 
mixed  intimately  together-  It  is  probable,  that, 
in  this  cafe,  • ic  is  the  tin  which  prevents  the 
union  with  mercury. 

(e)  Befides,  the  metals  precipitate  one  an- 
other after  a certain  order.  This  order  is  found 
to  be  the  fame  in  all  acid  mendrua,  and  is  men- 
tioned in  another  place.  This  precipitation  is 
effected  by  a double  elective  attraction  (r)  ; for 
the  metal  which  is  to  be  precipitated  exids  in 
the  folution  in  a calcined  date  ; but,  being  re- 
duced by  the  phlogidon  of  the  precipitant  falls 
to  the  bottom,  while,  at  the  fame  time,  the  pre- 
cipitant 
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cipitant  being  calcined  becomes  foluble:  But, 
if  the  precipitant  has  been  fo  calcined,  that  a 
part  of  it  being  infoluble  is  mixed  with  the  pre- 
cipitate, the  metallic  fplendour  is  wanting,  and 
it  puts  on  an  earthy  appearance.  A pure  pre- 
cipitate is  of  the  fame  weight  as  the  metal  had 
been  before  the  folution.  The  mixed  precipi- 
tates are  lefs  frequently  met  with  ; yet  gold, 
precipitated  by  tin,  exhibits  one  of  that  fort. 

But  many  anomalous  circuinftances  occur  in 
this  matter,  depending,  no  doubt,  upon  acci-  ' 
dent.  The  order  is  indeed  conftant,  and  never 
inverted.  Zinc  prevails  over  iron ; iron  over 
lead ; lead  over  tin  ; tin  over  copper ; copper 
over  filver  ; filver  over  mercury,  &c.  Yet  it 
fometimes  happens  that  a metal,  which,  accord- 
ing to  the  general  rule,  precipitates  another,  in 
its  metallic  Rate,  from  one  menftrua,  precipi- 
tates it  from  another  in  the  form  of  a calx ; 
and  from  a third  not  at  all.  Some  examples 
will  illuftrate  this : — Zinc  precipitates  iron  from 
marine  acid  in  its  metallic  Rate,  but  from  the 
nitrous  only  in  the  form  of  a calx.  Perhaps 
the  phlogifton  of  the  zinc  is  not  fufficient  to 
reduce  the  iron,  which,  in  the  latter  cafe,  has 
been  much  more  dephlogifticated  ; yet  the  par- 
ticles of  iron,  although  they  were  at  firft  me- 
tallized, may  be  again  calcined  in  a menftru- 
um  which  is  very  greedy  of  phlogifton.  Tin, 
precipitated  fiom  marine  acid  by  lead,  appears 
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in  a complete  form  ; but  is  not  thrown  down 
from  nitrous  acid ; and  from  vinegar  is  preci- 
pitated in  form  of  a calx,  even  by  iron  and 
zinc.  Lead  lets  fall  nothing  from  vinegar  up- 
on the  addition  of  iron.  Thefe,  and  other  ano- 
malies, will  be  exprefsly  examined  in  the  doc- 
trine of  attractions : It  will  be  fufficient  here  to 
mention,  that  a fmall  excefs  of  acid  is  necelfary, 
and  that  without  it  no  precipitation  begins  (t) 
but  a great  fuperabundance  prevents  that  ope- 
ration, by  again  diffolving  the  precipitate  ; be- 
fides,  the  weights  of  the  precipitates  and  the 
dilfolved  precipitants  do  not  correfpond. 

§ v.  Colours  of  Metallic  Precipitates. 

Before  we  confider  the  weights  of  the  diffe- 
rent metals,  we  fhall  flightly  touch  upon  the 
precipitates.  I employed  the  mineral  alkali,  as 
the  degree  of  faturation  of  it  with  aerial  acid  is 
more  conftant.  When  I had  occafion  for  a 
cauflic  alkali,  I prepared  it  by  a fmall  quantity 
of  burned  lime,  in  a clofe  bottle.  The  good- 
nefs  of  it  was  proved  by  its  occafioning  no  pre- 
cipitation in  lime-water.  The  preparation  of 
phlogifticated  alkali  is  defcribed  in  another 
place  ( u ). 

(a) 

(t)  This  was  firft  obferved  by  the  celebrated  Gahn. 

(«)  Trcatifo  on  the  Humid  Art  of  Alfaying,  § u> 
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(a)  Gold  diffolved  in  aqua  regia  is  precipi- 
tated by  cauftic  mineral  alkali,  almoft  black  5 
by  the  aerated,  yellow ; as  alfo  by  the  phlogifti- 
cated,  unlefs  fome  iron  be  prefent,  which  fre- 
quently happens.  As  the  whole  of  the  gold  is 
fcarcely  ever  precipitated,  I cannot  pretend  to 
afcertain  the  weights. 

(b)  Neither  the  cauftic,  nor  aerated  mineral 
alkali,  precipitate  one  half  of  platina,  diffolved 
in  aqua  regia ; the  precipitate  is  of  an  orange 
colour,  which  on  drying  changes  to  a brown. 
An  over  proportion  of  alkali  re-diffolves  the 
precipitate  with  a more  obfcure  tinge  ; nay,  the 
precipitation  is  fo  imperfect,  that  alkali  fatura- 
ted  with  acid  feems  to  diffolve  it.  The  phlo- 
gifticated  alkali  does  not  precipitate  the  depu- 
rated folution,  nor  even  make  it  turbid,  but 
heightens  the  colour  in  the  fame  manner  as  . the 
excefs  of  alkali  does. 

(c)  Silver  diffolved  in  nitrous  acid  is  preci- 
pitated white  by  aerated  mineral  alkali ; by  the 
cauftic  brown  ; and  by  the  phlogifticated  alkali 
of  an  obfcure  yellow;  by  the  nitrous,  as  well 
as  the  marine  acid,  white ; but  the  former 
precipitate  confifts  of  more  diftindl  particles, 
which  grow  black  more  flowly  in  the  light  of 
the  fun. 

(d)  Salited  mercury  is  precipitated  red,  or 
rather  ferruginous,  by  aerated  alkali ; by  the 
cauftic  more  yellowifh,  or  orange.  Nitrated 

mercury, 
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mercury,  prepared  without  heat,  yields  a ferru- 
ginous precipitate  with  mineral  alkali ; a black 
with  cauftic  : When  prepared  with  heat,  it 

yields  to  cauftic  alkali  an  orange,  or  reddilh 
yellow  precipitate:  By  phlogiflacated  alkali  it 
is  precipitated  from  all  acids,  white;  which, 
when  dried,  becomes  of  a brownifh  yellow. 
Salited  mercury  is  very  fparingly  precipitated 
by  this  alkali.  The  precipitate  occafioned  by 
phlogifticated  alkali  is  again  dilfolved  if  too 
much  alkali  be  ufed. 

We  have  before  fhewn  that  a white  precipi- 
tate may  be  obtained  by  aerated  vegetable  alka- 
li, and  have  explained  the  caufe. 

Corrofive  fublimate  muft  be  very  cautioufly 
precipitated  by  cauftic,  as  well  as  aerated  fixed 
alkali ; for  the  part  feparated  may  again  be  dif- 
folved  by  a large  quantity  of  water.  If  too 
much  alkali  be  ufed,  a new  compound  arifes  of 
a peculiar  nature. 

(e)  Nitrated  lead  is  thrown  down  white  by 
aerated,  cauftic,  or  phlogifticated  alkali.  If 
too  much  alkali  be  ufed,  the  laft  precipitate 
is  dilfolved  with  a brownilh  yellow  colour.  Vi- 
triolated  and  falited  lead  is  precipitated  white. 

(f)  Nitrated  copper,  which  folution  is  blue, 
is  precipitated  of  a bright  green  by  aerated 
fixed  alkali ; by  the  cauftic  of  a grayifh  brown, 
which  grows  reddilh  by  age.  By  phlogiftica- 
ted  alkali,  copper  is  precipitated  of  a greenifh 

colour. 
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colour,  which  afterwards  grows  of  a brownifh 
red,  and,  upon  exficcation,  almoft  black.  The 
aerial  acid  readily  takes  up  a fmall  portion  of 
copper  during  the  precipitation,  which  is  again 
depofited  by  the  heat  of  boiling. 

(g)  Iron  is  precipitated  green  by  the  aerated 
fixed  alkali,  from  vitriolic  and  marine  acid  j 
this  precipitate  becomes  of  a brownifh  yellow, 
efpecially  on  exficcation:  With  the  cauflic  al- 
kali it  approaches  more  to  black:  In  the  preci- 
pitation fome  part  is  held  in  folution  by  the 
aerial  acid,  if  the  aerated  alkali  be  ufed : The 
phlogiflicated  alkali  yields  a dark  blue  precipi- 
tate. 

(k)  lin  is  precipitated  white  by  every  alka- 
line fait,  even  by  the  phlogiflicated  alkali ; but 
at  length  fome  blue  particles,  which  are  mixed, 
appear,  fo  that  the  whole,  when  collected  and 
dried,  is  of  a light  blue  colour.  That  thefe 
blue  particles  depend  upon  iron  is  eafily  feen 
upon  calcination,  for  they  become  ferruginous, 
and  obey  the  magnet.  I have  always  found  in 
tin  an  admixture  of  iron. 

(0  Bifmuth  is  precipitated  white  by  water 
and  alkalis,  particularly  the  former  ; phlogifli- 
cated alkali  throws  down  a yellow  powder, 
which  being  mixed  with  blue  particles,  occal 
fioned  by  iron,  at  length  appears  green.  This 
yellow  fediment  eafily  diffolves  in  nitrous  acid. 

(k) 
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(k)  Nickel  is  precipitated  of  a whitifh  green 
by  fixed  alkalis ; by  the  phlogifticated  alkali  of 
a yellow  ; and,  by  exficcation,  it  is  condenfed 
into  a dark  brown  mafs. 

(l)  Arfenic  diffolved  in  acids,  which  prevent 
too  great  dephlogiflication,  may,  to  a certain 
degree,  be  precipitated  white  by  the  fixed  alka- 
li, even  when  phlogifticated,  but  the  fediment 
is  found  foluble  in  water ; yet  nitrous  acid, 
either  alone,  or  joined  with  the  marine,  gene- 
rally dephlogifticates  the  arfenical  acid,  which 
thereby  becomes  unfit  for  feparation.  Arfenic, 
diffolved  in  marine  acid,  with  the  addition  of  a 
little  nitrous  acid,  depofited  a white  fediment ; 
upon  the  addition  of  a large  quantity  of  phlo- 
gifticated alkali,  the  fediment  was  mixed  with 
Pruflian  blue  ; this  was  diffolved  in  water,  and 
freed  by  frequent  filtration  from  the  blue  par- 
ticles, and,  at  length,  on  evaporating  to  drynefs, 
yielded  a femipellucid  mafs. 

(m)  Cobalt,  diffolved  in  acids,  is  thrown 
down  by  fixed  alkali,  whether  aerated  or  cau- 
flic,  of  a reddifh  blue,  which  colour,  on  exfic- 
cation, grows  darker,  efpecially  when  the  for- 
mer alkali  has  been  ufed:  Phlogifticated  alkali 
throws  down  a powder  of  almoft  the  fame  co- 
lour, which,  upon  exficcation,  becomes  of  a 
reddifh  brown. 

(n)  Zinc  is  precipitated  white  by  aerated 
and  cauftic  fixed  alkali,  as  alfo  by  the  phlo- 
gifticated 
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gifticated  alkali ; but  this  laft,  on  exficcation, 
becomes  of  a citron  colour : A fmall  portion 
of  aerial  acid  may  eafily  efcape  during  the  pre- 
cipitation. 

(o)  Antimony  is  precipitated  white  by  alka- 
lis, when  the  phlogiflicated  alkali  is  ufed ; at 
the  fame  time  almoft  always  fome  blue  particles 
are  precipitated,  although  the  regulus  had  been 
prepared  without  any  iron.  The  operation 
fhould  be  cautioufly  conducted,  left  lome  part 
be  taken  up  by  the  alkaline  fait. 

(p)  Manganefe,  which  is  procured  by  reduc- 
tion from  common  magnefia  nigra,  generally 
renders  menftrua  brown,  and  with  aerated  al- 
kali yields  a yellowifh  brown  fediment ; with 
the  cauftic,  one  ftill  darker ; with  the  phlogif- 
ticated,  a powder  is  feparated,  at  fir  ft  a blue 
one,  then  a white,  the  mixture  of  which  ren- 
ders tne  mafs  a darkifti  or  rather  a black  green. 
That  the  calx  of  the  manganefe  may  be  obtain- 
ed pure  and  white,  the  precipitate  occafioned 
by  cauftic  alkali  muft  be  diffolved  in  pure  vine- 
gar ; for  there  ftill  remains  a quantity  of  undif- 
folved  iron,  which  is  taken  up  by  'the  aerial 
acid-  This  acetous  folution  contains  little  or 
nothing  of  iron.  That  metal  may  alfo  at  firft 

be  feparated  by  a fmall  quantity  of  volatile  al- 
kali. 

\he  common  folution  of  the  regulus  is  not 
perfectly  precipitated  by  aerated  alkali ; and, 

upon 
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upon  the  remaining  liquor  fpontaneoufly  eva- 
porating to  drynefs,  upon  the  glafs  are  depofited 
grains  of  a metallic  fplendour,  and  not  unlike 
copper.  Thefe  are  readily,  though  but  partial- 
ly, diffolved  in  nitrous  acid  ; but,  upon  the  ad- 
dition of  zinc,  nothing  but  the  manganefe  falls, 
though  at  firft  it  is  a little  reddifh.  With  phlo- 
gifticated  alkali,  a yellow  precipitate,  like  pute 
manganefe,  falls,  provided  the  folution  has  de- 
pofited the  iron  when  too  much  dephlogiftica- 
ted  by  age ; but  the  new  folution  yields  a pre- 
cipitate almoft  like  that  which  is  obtained  from 
common  regulus.  The  yellow  fediment  may  be 
diffolved  in  water. 

There  is  always  a confiderable  difficulty  at- 
tends the  defcribing  of  colours,  as  the  feveral 
varieties,  which  are  almoft  innumerable,  are 
deftitute  of  particular  names.  Colours  are  in- 
deed fubjeft  to  changes ; but  not  the  fmalleft 
ever  occurs  without  fome  determinate  caufe ; 
they  lhould  therefore  be  carefully  obferved;  for 
from  thence  we  {hall  always  learn  fomething, 
provided  we  confider  every  thing  with  due  at- 
tention. 

§ vi.  Nature  and  Compofiiion  of  Metallic  Pre- 
cipitates. 

The  metallic  precipitates  will  reveal  to  us 
jjiany  myfteries  upon  proper  examination. 

oo 
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(a)  Our  firft  inquiry  fhall  be  concerning 
their  weight.  I have  as  yet  Only  examined 
thofe  precipitates  which  are  occafioned  by  ae- 
rated mineral  alkali,  cauftic  alkali,  and  phlo- 
gifticated  alkali.  The  refults  of  many  of  thofe 
experiments  I have  been  obliged  to  rejeCt,  as 
being  too  vague’ and  indeterminate ; the  reft,  I 
hope,  are  fomewhat  better  founded.  But,  up- 
on confidering  how  difficult  it  is  to  depurate 
and  wafh  completely  the  metallic  fediment,  fo 
that  neither  the  alkali,  the  aerial  acid,  the  wa- 
ter, nor  any  other  extraneous  matter,  fhall  ad- 
here, I confidet  them  only  as  collections  of  the 
firft  terms  of  infinite  feries,  which  converge 
very  quickly. — In  order  to  obtain  the  neareft: 
poffible  approximation,  I repeated  the  experi- 
ments frequently,  in  the  moft  accurate  manner, 
and  they  are  here  fubjoined.  In  the  following 
table,  100  parts  of  the  metallic  regulus  are  al- 
ways fuppofed  diffolved. 
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(b)  Upon  comparing  thefe  weights,  a ques- 
tion at  firft  occurs  concerning  the  caule  of  luch 
enormous  differences  ; and  it  is  plain  that  this 
caufe  muff  be  fought  for  in  the  precipitates 
themfelves.  The  fixed  alkali,  faturated  with 
aerial  acid,  when  added  to  the  folution,  is  taken 
up  by  the  more  powerful  menftruum,  and  the 
weaker  is  of  courfe  expelled,  and  is  abforbed 
by  the  calx,  as  it  falls  in  greater  or  leffer  quan- 
tity, according  to  circumflances.  That  this  is 
aclually.  the  cafe  is  eafily  demonstrated  : — Let  a 
bottle,  containing  a Sufficient  quantity  of  nitrous 
acid,  be  accurately  weighed ; let  there  be  put 
into  it  by  degrees,  e.  g.  132  parts  of  lead,  pre- 
cipitated by  aerated  alkali,  and  not  only  an  ef- 
fervefcence  will  be  obferved,  which  continues 
until  the  very  laff  particle  is  diffolved ; but, 
when  the  folution  is  finifhed,  a deficiency  of 
weight  is  difcovered,  which  amounts  nearly  to 
21,  and  which  is  indubitably  owing  to  the  ex- 
trication of  aerial  acid  (§  in.  e.).  But  132 — 
21  = 111,  a weight  which  flill  confiderably 
exceeds  that  of  the  metal.  Upon  diflillation 
nearly  8 of  water  are  difcovered;  there  yet  re-‘ 
main,  therefore,  3,  which  by  violent  heat  are 
increafed  by  7;  for  132  of  the  calx,  well  cal- 
cined, yield  no.  The  whole  increment  of 
weight,  then,  does  not  depend  upon  the  water 
and  aerial  acid.  The  fame  thing  is  evinced 
from  the  confideration  of  the  precipitate  of  lead 
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by  the  cauftic  alkali ; as  it  is  evident,  that,  in 
this  cafe,  there  is  no  aerial  acid ; befides,  no 
effervefcence  accompanies  the  folution.  If  we 
fuppofe  the  quantity  of  water  equal  in  both 
cafes,  yet,  even  on  this  fuppofition,  the  whole 
excefs  is  not  accounted  for,  for  1 1 6 — 8 = 108. 
It  is  therefore  probable  that  the  matter  of  heat 
is  attached  to  the  calx.  This  matter  of  heat 
is  always  prefent  in  cauftic  alkali ; for,  when 
it  is  diftolved  in  the  fimple  acids,  heat  is  always 
generated.  This  opinion  is  confirmed  by  th& 
following  confiderations : ift.  The  increment 
of  weight  can  fcarce  be  conceived,  without  fup- 
pofing  an  increment  of  matter.  2d,  When  the 
cauftic  alkali  is  employed,  no  other  matter  can 
be  fufpefted.  3d,  The  fame  caufe  is  alfo  pre- 
fent when  the  weight  is  increafed  by  dry  calci- 
nation. 4th,  Let  the  heat  occafioned  by  the 
mixture  of  determinate  portions  of  any  acid 

and  cauftic  alkali  be  marked  upon  a thermo- 

■» 

meter  : Let,  then,  an  equal  quantity  of  the  fame 
menftruum  be  faturated  with  a metal ; after- 
wards, upon  the  addition  of  an  equal  quantity 
of  cauftic  alkali,  it  will  be  found  either  that 
no  heat  is  generated,  or  a degree  very  much 
lefs  than  before.  Some  of  the  matter  of  heat, 
therefore,  is  taken  up  and  fixed,  which  alfo 
generally  makes  the  colours  of  the  precipitates 
more  obfcure,  and,  in  diftillation  with  fal  am- 
moniac. 
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moniac,  communicates  to  the  volatile  alkali  the 
quantity  that  had  been  taken  away.  What  has 
been  faid  of  lead  is  alfo  true  of  the  other  me- 
tals, a few  excepted,  which  feem  to  take  up 
little  or  no  aerial  acid  ; thefe  are  tin,  antimony, 
gold,  and  platina. 

(c)  But  fome  precipitates  retain  alfo  a quan <* 
tity  of  the  menjlruum . Thus,  corrofive  fubli- 
mate,  precipitated  by  aerated  alkali,  retains  a 
portion  of  marine  acid,  which  cannot  be  wafh- 
ed  off  by  water;  but,  by  cauftic  alkali,  the 
precipitate  may  be  obtained,  either  free  of  the 
acid  altogether,  or  in  a great  meafure.  In  this 
cafe,  as  in  many  others,  the  aerial  acid  feems 
to  genetrate  a triple  fait,  which  is  fcarcely  fo- 
luble.  The  prefence  of  the  marine  acid  is  eafi- 
ly  difcovered  by  nitrated  filver,  if  the  precipi- 
tate be  previoufly  diffolved  in  pure  nitrous  acid. 
Hence  we  obferve  another  difference  in  mer- 
cury precipitated  from  marine  acid,  according 
as  aerated  or  cauftic  alkali  has  been  employed  : 
The  latter  precipitate,  well  waflied,  and  put  in- 
to volatile  alkali,  is  fcarcely  changed  in  colour ; 
but  the  former  inftantly  grows  white,  genera- 
ting a fpecies  of  fal  alembroth,  but  containing 
fo  little  marine  acid  as  not  to  be  eafily  foluble 
in  water. 

The  calxes,  which  retain  any  of  their  for- 
mer menftruum,  generally  give  over,  on  diftil- 

lation. 
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lation,  a fmall  portion  of  a fublimate.  The 
mercurial  calx,  juft  mentioned,  expofed  to  a 
fufficient  degree  of  heat,  is  partly  reduced  to 
crude  mercury,  partly  to  mercurius  dulcis,  by 
means  of  its  remaining  marine  acid.  This 
mercurius  dulcis  did  not  exift  in  the  precipi? 
tate ; for,  in  that  cafe,  it  would  be  eafily  difco- 
vered  by  acids,  in  which  it  is  not  foluble,  and 
would  grow  black  with  cauftic  alkali,  neither 
of  which  things  takes  place ; it  is  therefore  ge° 
nerated  during  the  diftillation. 

(d)  The  nature  of  phlogifticated  alkali  is  as 
yet  obfcure ; but  it  poffeffes  the  fame  proper- 
ties, with  regard  to  falts  and  alkaline  earths, 
as  acids  when  loaded  with  phlogifton  do  : — • 
The  fame  is  true  with  regard  to  metallic  calx- 
es,  with  yghich  it  forms  compounds  of  a faline 
nature,  though  mod  of  them  are  infoluble  in 
water. 

§ vn.  - Advantages  refulting  from  the  Exami- 
nation of  Metallic  Precipitates . 

In  order  to  recommend  the  more  accurate 
examination  of  metallic  precipitates,  I beg  leave 
to  add  a few  words  concerning  the  advantages 
to  be  derived  from  that  labour. 

• ! f 

(a)  It  is  evident,  that,  by  more  intimate  ac- 
quaintance with  thefe  precipitates,  the  chemi- 
cal 
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cal  theory  of  the  operation  will  be  better  un* 
derftood. 

(b ) We  may  thereby  be  able  to  difcover 
the  more  ufeful  and  remarkable  properties. 
No  one  is  ignorant  that  aurum  fulminans,  the 
mineral  purple,  and  other  encauftic  pigments, 
by  which  the  colours  of  gems  may  be  imitated, 
have  been  derived  from  this  fource. 

(c)  A foundation  is  thereby  laid  for  the  art 
of  aflaying  by  the  humid  way,  from  the  bare 
knowledge  of  the  weights.  It  may  be  objec- 
ted, that  the  do&rine  of  the  weights  is  very 
fallacious ; that  they  vary  in  the  different  pre- 
cipitates ; that  by  im perfect  precipitation  fome- 
thing  remains  in  the  liquor ; and  that,  fome- 
times,  extraneous  matters  are  mixed  with  them. 
All  this  is  true  ; but,  if  the  mode  of  operation 
be  always  the  fame,  the  refults  of  the  experi- 
ments will  be  conflant.  Let  us  fuppofe  that  a 
quantity  of  metal  (a),  precipitated  in  a certain 
manner,  makes  a weight  (b) ; if  that  fame 
manner  be  exactly  employed,  we  may  fairly 
conclude,  that  a quantity  of  precipitate  (n  b), 
occurring  in  any  cafe,  is  correfpondent  to  a 
quantity  of  perfect  metal  (n  a),  although,  in 
the  fundamental  experiment,  either  the  preci- 
pitation is  incomplete,  or  fome  extraneous  mat- 
ter be  prefent.  If  all  the  circumllances  which 
occafi'on  increafe  or  deficiency  be  carefully  at- 
tended to,  the  conclufion  will  remain  unim- 

perched : 
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peached  : Let  the  method,  therefore,  be  accu- 
rately determined,  and  there  will  be  no  danger 
of  fallacy. 

(d)  By  this  the  nature  of  metals  is  illuftra- 
ted.  Platina,  nickel,  cobalt,  and  manganefe, 
are  fufpeded,  by  fome  perfons,  to  derive  their 
origin  from  a mixture  of  other  metals.  But, 
if  iron  necelfarily  enters  into  the  compofition 
of  platina,  when  this  is  diflolved  in  aqua  re- 
gia, it  fhould  produce  a Pruffian  blue  upon  the 
addition  of  phlogiflicated  alkali ; and  this  is 
the  cafe,  in  fad,  when  common  platina  is 
employed,  but  not  when  it  is  rightly  depura- 
ted ( w ). 

If  iron,  adhering  very  obftinately  to  nickel, 
formed  a great  part  of  it,  the  precipitates  ob- 
tained from  it  by  alkalis  could  not  differ  from 
martial  precipitates  fo  much  as  they  do,  in  co- 
lour, weight,  and  other  properties. 

The  fame  is  true  of  cobalt  and  manganefe. 
The  regulus  obtained  from  magneffa  nigra  con- 
tains about  0,08  of  iron.  Let  us  fee  how  this 
affeds  the  mixture. 

ioo,  difiolved  in  an  acid  menftruum,  yields 
to  plilogifticated  alkali  a powder,  confifting 
partly  of  blue,  partly  of  browniih  yellow  par- 
ticles, which  is  equal  in  weight  to  150  lb. ; but 
3 lb.  of  iron  yield  48  of  Pruffian  biue,  nearly  4- 
of  the  whole  inafs  : Hence  it  follows,  that  100 

parts 

(w)  Treatife  on  Platina,  j vn.  (g> 


OF  METALLIC  PRECIPITATES.  41  * 


parts  of  pure  manganefe  yield  to  phlogifticated 
alkali  fcarcely  in,  /.  e,  nearly  fix  times  lefs 
than  an  equal  weight  of  iron. 

(e)  Finally,  it  may  by  this  means,  perhaps, 
be  poflible  to  determine  the  unequal  quantities 
of  phlogifton  in  different  metals ; for  a given 
weight  of  precipitating  metal  does  not  yield  an 
equal  quantity  of  precipitate : Thus,  e.  g.  cop- 
per is  able  to  precipitate  from  nitrous  acid  four 
times  its  own  weight  of  filver. 


DISSER. 
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DISSERTATION  XXIV. 


ART  OF  ASSAYING 


§ i.  Circumjiances  attending  AJfaying  by  the 

Dry  Way. 

HERE  is  no  doubt  but  ores  were  dug 


up,  and  their  metallic  contents  extra&ed, 
long  before  the  invention  of  the  docimaftic  art; 
but  the  fuperior  induftry  of  later  times  has  dif- 
covered  the  neceffity  of  making  trials  in  fmall, 
by  which  the  quality  and  goodnefs  of  the  ore 
being  previoufly  known,  unnecelfary  expence 
may  often  be  timely  guarded  againft;  and,  as 
the  great  works  are  effe&ed  by  means  of  fire, 
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it  was  thought  proper  to  employ  the  fame  agent 
in  the  lelfer  experiments.  The  firft  attempts 
certainly  were  extremely  rude;  but  repeated 
and  colledted  trials  have  gradually  advanced  it 
to  the  form  of  a fcience,  or  rather  of  an  art ; 
which,  although  no  doubt  long  concealed  in 
the  laboratory,  was  not  publifhed  until  the  mid- 
dle of  the  16 th  century.  The  firft  book  upon 
this  fubject  is  generally  attributed  to  Lazarus 
Ercker;  this  was  publilhed  in  1574.  But  A- 
gricola,  in  his  feventh  book  de  Re  Metallica, 
publilhed  in  1576,  defcribed  both  the  inltru- 
ments  and  the  procelfes,  ajid  illuftrated  them 
with  plates.  And  from  the  preface  to  the  Ars 
Docimallica  of  Modellinus  Fachs,  it  evidently 
appears,  that  the  manufcript  had  been  prefent- 
ed,  in  the  month  of  March  1 567,  to  the  Elec- 
tor of  Saxony,  though  it  was  not  publilhed  un- 
til after  Ercker’s  book.  In  procefs  of  time  this 
art  became  far  more  perfect  ; but  we  have  not 
leifure  to  purfue  it  through  its  fucceflive  Hates 
of  improvement. 

In  the  docimafia  ficca  three  circumllances 
are  necelfarily  required  : — 1.  That  the  metal 
contained  in  the  ore  be  all  reduced  to  a complete 
form ; for  fuch  part  of  it  as  is  deficient  in  that 
refpeft,  cannot  be  united  with  the  eliquated 
metal.  2.  That  the  fame  be  collected  into  one 
mafs  ; for,  when  it  is  in  the  form  of  numerous 
fmall  grains,  fome  of  them  are  very  eafily  Mat- 
tered, 
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tered,  and  diminifh  the  weight.  3.  That  the 
metallic  form  once  induced  be  preferved ; for  the 
extracted  regulus  muff  inevitably  be  diminifhed 
more  or  lefs  by  calcination. 

All  thefe  requifites  are  frequently  effected 
commodioufly  and  perfe&ly  enough  by  fufion 
in  a crucible  with  proper  ftrata  of  charcoal,  pro- 
vided the  ore  is  free  from  fulphur,  and  every 
other  volatile  mixture,  and  is  either  entirely 
without  a matrix,  or  united  to  one  which  is 
fufible  by  a moderate  degree  of  heat  j but,  if 
the  matrix  be  refra&ory,  notwithftanding  the 
moft  fubtile  pulverization,  it  will  cover  many 
metallic  particles,  and  thus  prevent  their  reduc- 
tion and  fufion.  In  this  cafe  it  is  neceflary  to 
employ  fuch  additaments  as  not  only  promote 
fufion,  but  occafion  fuch  a degree  of  tenuity  as 
may  fuffer  the  reguline  particles  to  fall  to  the 
bottom.  To  this  they  are  naturally  difpofed 
by  their  great  fpecific  gravity  ; but,  neverthe* 
lefs,  if  the  mafs  be  tenacious  or  thick,  and  efpe- 
cially  if  they  themfelves  be  fmall  and  difcrete, 
they  are  kept  floating  by  the  great  fri&ion 
which  is  to  be  overcome  in  their  defcent.  Thefe 
additaments,  which,  from  their  effeft,  are  called 
fluxes,  are  of  a faline  nature,  and  mud  there- 
fore neceflarily  corrode  the  metals  more  or  lefs; 
and  hence  the  fcoriae,  which  are  almoft  always 
tinged,  contain  a quantity  of  calcined  metal. 

But, 
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But,/*  /oflg  we  are  dejiitute  of  a fare  method 

of  meafuring  intenfe  degrees  of  heat , and fo  long  as 
it  is  neceffary  to  perform  the  operation  in  clofe  <vef- 
fels,  to  prevent  the  accefs  of  air,  fo  long  will  the 
force  and  proper  continuance  of  the  fire  be,  as 
it  has  hitherto  been,  uncertain.  Now,  by  every 
excefs  or  defeCl  in  this  point,  fomewhat  of  the 
fegulus  is  loft  j fo  that  any  judgment  of  the 
goodnefs  of  the  ore,  formed  from  the  weight  of 
the  regulus,  muff  be  fallacious  and  uncertain, 
or  at  lead  fomewhat  inaccurate. 

All  this  fufficiently  fhews,  that  experiments 
made  in  the  dry  way  are  dill  liable  to  many 
faults  and  imperfections ; to  which  we  may  add 
fome  more,  viz. — Any  given  quantity  of  ore, 
fubjeded  to  trial,  almod  always  exceeds  the  re- 
gulus to  be  extracted  from  it  very  much  in 
weight.  Now,  fince  it  is  almod  impoffible  to 
avoid  a certain  lofs  during  both  calcination  and 
fufion,  this  lofs  will  be,  the  more  remarkable  as 
the  mafs  ultimately  to  be  weighed  becomes 
lighter.  The  cafe  is  quite  otherwife  with  ex- 
periments made  in  the  humid  way  ; for  here 
the  weight  of  fediment,  - from  which  the  quan- 
tity of  the  content  is  judged,  is  never  lefs,  but 
often  greater,  than  that  obtained  by  fire.  Let 
the  lofs  fudained  in  examining  equal  quantities 
of  ore  in  both  ways  be  the  fame,  and  denoted 
by  (n) ; let  the  quantity  of  regulus  obtained 
by  fire  be  expreffed  by  (a)  ; that  of  the  fedi- 
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ment  colle&ed  in  the  humid  way  by  (irfa); 
and  the  true  value  of  the  regulus  will  be  a 4.  m 
This  being  fuppofed,  as  (m)  is  never  lefs  than 
unity,  it  is  obvious,  that,  except  in  cafe  of  equa- 
lity, n:a7n:ma;  and,  befides,  that  (n)  is  the 
more  diminifhed  in  refpedt  to  (m  a)  in  propor- 
tion as  (m)  exceeds  unity  the  more.  The  ex- 
amples  occurring  hereafter  will  illuflrate  this 
truth  more  at  large* 

§ ii.  General  Obfervations  to  be  made  in  conduce 

ting  the  Procefs  of  Affaying  by  the  Via  Humida . 

Chemiflry  has  at  length  begun  to  examine 
the  compofition  of  ores  by  means  of  various 
menftrua ; yet,  it  mull  be  confeffed,  that  the 
fragments  of  the  humid  art  of  affaying,  which 
have  hitherto  been  publifhed,  are  rather  to  be 
confidered  as  inftances  of  a mixed  method,  in 
which  the  mineral  analyfis  is  accomplifhed  part- 
ly by  the  dry,  partly  by  the  humid  method. 
The  metallic  part  is  indeed  extra&ed  by  a men- 
Ilruum,  but  is  afterwards  reduced  by  fire.  In 
the  following  pages,  however,  I fhall  endeavour 
to  point  out  means  by  which  the  end  may  be 
anfwered  in  the  humid  way  alone,  without  cal- 
cination or  fufion. — It  is  by  no  means  my  in- 
tention to  depreciate  the  dry  way.  In  pradtice, 
the  mod  commodious  and  mod  accurate  pro- 
ceffes  ought  always  to  prevail  j but  a due  com- 

parifon 
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parifon  of  thefe  two  methods  can  never  be  in- 
ftituted,  nor  the  belt  methods  of  operation  cho- 
ien,  fo  long  as  either  remains  clogged  with  dif- 
ficulties and  impediments.  In  the  profecution 
of  mineral  analyfis,  it  is  therefore  of  the  high- 
eft  moment  to  remove  thefe  difficulties ; for  the 
docimafia  ficca  conceals  and  confounds  many 
of  the  heterogeneous  admixtures ; and  if,  by 
means  of  the  humid  way,  thefe  can  be  all  fe- 
gregated  and  determined  as  to  quantity  and 
quality,  not  only  much  light  will  be  thrown  on 
mineralogy  and  metallurgy,  but  the  true  foun- 
dations of  thefe  fciences  laid,  as  any  perfon  who 
is  not  entirely  ignorant  of  them  may  readily 
perceive.  Very  often  it  is  ufeful  to  know,  not 
only  the  heterogeneous  metallic  fubftances, 
which  fometimes,  to  the  amount  of  three  or 
four,  are  mixed  with  the  extracted  regulus, 
but  frequently,  alfo,  the  occult  earthy  matrix  ; 
and  yet  neither  of  thefe  can  be  accurately  dif- 
covered,  except  in  a very  few  cafes,  by  the  dry 
method,  as  it  has  hitherto  been  pradtifed ; for 
it  is  evident,  that,  in  fufed  maffes,  the  admix- 
tures which  ought  to  be  removed,  are  the  bet- 
ter protedled  by  the  genuine  materials,  in  pro- 
portion as  the  former  are  more  diminifhed ; a 
circumftance  which  cannot  take  place  in  folu- 
tions,  which  may  be  diluted  ad  libitum.  It  muft 
indeed  be  confeffed,  that  experiments  in  the  hu- 
mid way  often  require  more  time,  more  care 
Vol.  II,  D d and 
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and  pains  j but,  if  accurate  conclufions  are 
thereby  fupplied,  we  fhould  not  be  difficult 
about  flownefs.  Befides,  in  many  cafes,  this 
method  is  more  expeditious  than  the  other j 
and  that,  indeed,  almoft  always,  if  we  are  con- 
tent with  fuch  difcoveries  as  can  be  made  by 
the  common  calcinations  and  fufions  ; nay, 
fometimes  the  dry  method  is  obvioufly  infuffi- 
cient,  when  the  metallic  content  is  either  very 
fmall  or  volatile,  but  particularly  if  it  be  inflam- 
mable, as  is  the  cafe  with  zinc. 

In  the  following  experiments,  an  aflay  cwt. 
was  always  employed,  unlefs  where  it  is  ex- 
prefsly  mentioned  otherwife.  Conclufions  fuf- 
ficiently  accurate  may  indeed  be  often  obtained 
from  25  lb.  nay  fometimes  from  fmaller  quan- 
tities. In  thefe  cafes  I have  mentioned  the 
ufual  quantity,  applying  to  them  thofe  formulas 
of  calculation  which  are  founded  on  the  mutual 
proportions  of  the  proximate  principles  confti- 
tuting  metallic  falts,  and  which  are  determined 
in  another  place  ( a ) from  the  weights  of  metal- 
lic precipitates.  By  an  eafy  fubftitution,  the 
fame  formulae  may  be  ufed  by  thofe  who  em- 
ploy i or  y cwt. 

The  ores  to  be  examined  fhould  be  reduced 
to  a very  fubdle  powder  by  pulverization  and 
elutriation. 

The 

(rt)  See  the  Treatife  on  the  Analyfis  of  Waters, 

§ xi.  and  this  Treatife,  $ vi. 
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The  folutions  of  fuch  ores  as  contain  fulphur 
require  much  caution : If  poffible,  the  vitriolic 
or  marine  acid  Ihould  be  employed ; for,  by 
continued  heat,  the  nitrous  acid  deltroys  the 
fulphur  : By  too  violent  an  heat,  alfo,  fome  oa 
it  is  aiflipated  in  vapours,  or  is  melted  into  glo- 
bules containing  heterogeneous  matters  \ there- 
fore, if  it  can  be  done,  boiling  fhould  be  avoid- 
ed. 

All  the  precipitates  mull  carefully  be  wafhed, 
colle&ed,  dried,  and  weighed,  as  is  obvious. 
It  is  fufficient  here  to  mention  this,  to  avoid 
the  trouble  of  repetition.  Diftilled  water  fhould 
conflantly  be  ufed,  and  all  the  menllrua  care- 
fully depurated.  I call  vitriolic  acid  diluted, 
when  its  fpecific  gravity  is  below  1,3  ; nitrous, 
when  below  1,2  ; and  the  marine,  when  below 
1, i.‘ 

The  precipitations  fhould  be  carefully  made 
(in  glafs  veffels),  fo  that  neither  by  the  deficien- 
cy of  the  precipitant  fhall  any  thing  remain  in 
the  menftruum,  nor  by  its  abundance  any  thing 
be  re-dilTolved.  The  clear  liquor  is  to  be  de- 
canted from  the  fediment,  water  poured  on  in 
its  place,  the  veffel  fhaken,  and  then  fuffered  to 
ftand  ; the  water  again  decanted  off,  and  frefh 
poured  on,  until  it  no  longer  can  afl'edl  cer- 
tain precipitants,  by  which  it  mull  be  exami- 
ned. 
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This  being  done,  the  fediment  is  to  be  col- 
lefted  upon  a filter  (firft  weighed)  made  of  pa- 
per not  impregnated  with  alum,  dried  at  firft 
with  a gentle  heat,  but  after  expofed,  for  five 
minutes,  in  a clofe  glafs  veflel,  to  ioo°  of  heat; 
upon  cooling,  it  is  to  be  weighed,  together  with 
the  filter,  the  known  weight  of  which  muft  af- 
terwards be  fubdu&ed.  The  beft  method  of 
wafhing  the  fediment  is  in  a bottle  ; for  the  fil- 
ter, when  once  filled  with  a faline  folution,  is 
not  without  great  difficulty  freed  from  it,  efpe- 
cially  if  there  intervenes  a delay  of  fome  hours. 

When  I fpeak  of  an  alkaline  precipitant,  the 
mineral  alkali,  charged  to  faturation  with  aerial 
acid,  is  always  to  be  underflood. 

The  alkali,  which  is  commonly  called  phlo- 
giflicated,  1 always  prepared  in  the  fame  way — - 
equal  weights  of  the  purefl  nitre  and  cream  of 
tartar,  well  pulverized  and  mixed,  are  heated 
in  the  ufual  way  and  detonated.  The  common 
white  flux  is  thus  procured  : — Half  an  ounce  of 
this  is  diffoived  in  a cucurbit,  in  half  a quadrans 
of  diflilled  water ; then  in  a digefling  heat  are 
gradually  added  two  ounces  of  Pruffian  blue, 
carefully  avoiding  fuch  an  effervefcence  of  the 
liquor  as  may  throw  any  thing  over,  which 
eafily  happens  if  the  quantity  be  too  large*. 
The  pigment  foon  lofes  its  beautiful  colour, 
not  growing  red,  but  black,  which  evidently 
{hews  that  a complete  decompofition  has  not 

taken 
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taken  place.  The  Pruflian  blue  for  fale  is  not 
always  found  of  the  fame  quality.  That  which 
was  ufed  in  the  following  experiment,  contain- 
ed, in  ioo  parts,  77  of  clay,  and  only  23  of  the 
pigment ; fo  that  if  it  be  thought  proper  to  em- 
ploy the  blue  made  without  any  alum,  221 
grains  will  faturate  the  half  ounce  of  alkaline 
fait  more  completely  than  the  two  ounces  above 
prefcribed,  and  the  bulk  of  the  refiduum  is 
thereby  alfo  lefiened.  Whatever  way  the  ope- 
ration be  performed,  after  the  addition  of  the 
lalt  portion,  the  whole  mud  be  expofed  to  a 
ftronger  digefting  heat,  and  the  mafs  often  flir- 
red  with  a v/ooden  road  : If  the  liquor  be  too 
much  diminiflied  by  evaporation,  the  defeat  muff 
be  fupplied  by  warm  water.  At  length  the  lixi- 
vium becoming  clear,  let  the  refiduum  be  col- 
lected on  a filtering  paper,  and  gradually  wafh- 
ed  with  warm  water,  until  all  the  foluble  part 
is  feparated.  If  the  operation  be  rightly  con- 
ducted, the  clear  liquor  amounts  to  an  whole 
quadrans,  of  a brownilh  yellow,  and  fo  fatura- 
ted  as  not  to  make  paper  tinged  by  Brazil  wood 
blue ; hence  the  colouring  principle  united  to 
the  alkaline  fait  feems  to  be  of  an  acid  nature ; 
but  the  Pruflian  blue,  and  other  metallic  preci- 
pitates of  the  fame  kind,  always  yield  on  diftil- 
lation,  befides  an  unCtuous  matter,  a diftinCt 
volatile  alkali. 


The 
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The  lixivium  faturated  with  the  colouring 
matter  contains-  alfo  a fmall  portion  of  perfect 
Pruflian  blue,  about  4 lb.  to  a cwt.  of  the  al- 
kaline fait,  which  are  feparated  on  the  addition 
of  the  acid : Thefe  fliould  be  previoufly  fepa- 
rated, or,  what  is  better,  corrected,  by  fubduc- 
ting  from  the  weight  of  the  fediment  16  aflay 
pounds  for  each  quadrans  of  the  lixivium. 
When  the  queftion  is  about  a diftinct  colour  in 
the  precipitate,  the  lixivium  mull  neceflarily  be 
employed  well  depurated : Thofe  who  neglett 
this  precaution,  readily  perfuade  themfelves  that 
any  metal,  precipitated  by  our  lixivium,  can 
put  on  the  blue  colour.  But,  if  the  queftion  be 
only  about  the  weight,  let  the  lixivium,  (till 
loaded  with  a fmall  portion  of  Pruflian  blue,  be 
dropped  ; however,  the  proper  corre&ion  mufti 
ultimately  be  employed  ; for  the  precipitating 
acid,  in  a fhort  time,  is  wont  alfo  to  weaken  the 
properties  of  the  lixivium,  and  even  to  deftroy 
them,  efpecially  in  a warm  temperature.  Lime, 
whether  aerated  or  cauftic,  is  alfo  capable  of 
abftrading  a colouring  fubftance  from  iron  and 
other  metals.  We  fhall  perhaps  fpeak,  in  an- 
other place,  more  at  large  of  the  qualities  and 
properties  of  thefe  combinations,  here  -we  only 
treat  of  their  preparation  and  ufe. 

In  the  precipitating  of  metals  by  metals,  it  is 
to  be  obferved,  that  the  acid  of  the  folution 
ought  to  be  fomewhat  predominant;  but  any 

more 
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more  confiderable  excefs  mult  be  corrected  oc- 
cafionally,  either  by  alkali,  water,  or  fpirit  of 
wine. 


§ hi.  Ores  of  Gold. 

Gold  occurs  in  the  bowels  of  the  earth  na- 
tive, poffeffing  a complete  metallic  form,  al- 
though, in  general,  the  fmall  particles  of  it  are 
fo  interfperfed  in  various  matrices,  that  they  are 
entirely  invifible;  it  is  alfo  found  mineralized, 
that  is,  united  with  fulphur,  by  means  of  iron, 
or  fome  other  metal.  Thefe  two  fpecies  of  ore 
we  lhall  confider  feparately. 

(a)  Native  gold  is  very  feldom,  if  ever,  en- 
tirely free  from  heterogeneous  matters ; the 
molt  ufual  inquinaments  are  copper,  filver,  and 
fometimes  iron.  The  firft  of  thefe  remains  in 
the  menftruum,  and  may  be  feparately  collec- 
ted, if  the  gold  be  diffolved  in  aqua  regia,  and 
precipitated  by  martial  vitriol  (§  vin.);  the  fe- 
cond  falls  during  the  folution,  yielding  a falited 
filver,  which,  walhed  and  dried,  fhews  the 
weight  of  the  filver  contained  (§  v.)  ; finally, 
the  laft  is  difcovered  by  a phlogifticated  alkali, 
and  is  eftimated  in  a manner  elfewhere  defcri- 
bed  (§  ix.).  The  precipitate  occafioned  by  the 
martial  vitriol  is  pure  gold  in  its  metallic  form, 
although  very  fubtilely  divided;  and,  therefore, 
the  weight  found  requires  no  correction. 
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From  the  preceding,  and  following  circum- 
ftances,  it  appears  how  a fmall  portion  of  gold, 
inhering  in  the  ores  of  other  metals,  may  be 
extracted ; befides,  a folution,  containing  the 
moil  minute  particle  of  gold,  inftantly  produces 
the  purple  precipitate  of  Caflius,  with  a folution 
of  tin  properly  prepared. 

(b)  As  to  the  ore  which  contains  gold  ad- 
hering to,  and  furrounded  by  ftony  particles, 
firft,  a determined  weight  is  to  be  reduced  to 
an  impalpable  powder,  by  triture  and  elutria- 
tion. 

Then  let  the  powder,  weighed  a fecond  time, 
be  boiled  in  aqua  regia,  fo  long  as  any  thing  is 
taken  up  by  the  menftruum  ; after  which,  let 
the  exhaufted  ore,  well  wafhed,  be  collected, 
exficcated  to  ignition,  and  weighed. 

Let  the  clear  folution  (the  colour  of  which, 
in  fome  degree,  affords  a method  of  judging) 
be  precipitated  in  the  ufual  way  by  martial  vi- 
triol ; the  precipitate  well  wafhed,  dried,  and 
weighed,  fnews  the  gold,  which,  added  to  the 
weight  of  the  exhaufted  ore,  ought  to  equal  the 
original  weight,  unlefs  fomewhat  has  been  dif- 
perfed  by  the  pulverization,  or  unlefs  fome  of 
the  matrix  has  entered  the  menftruum  : The 
former  of  thefe  is  difcovered  by  comparing  the 
weights  before  and  after  pulverization,  the  lat- 
ter by  precipitants. 


When 
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When  grains  of  gold  are  mixed  with  loofe 
earthy  particles,  they  are  fometimes  ealily  fepa 
rated  by  mechanical  application  of  water. 

(c)  Let  one  or  more  affay  cwts.  of  the  gol- 
den pyrites,  reduced  to  powder,  be  gently  boil- 
ed in  diluted  nitrous  acid,  or  rather  digefted  in 
an  heat  of  500— 8o°,  left  the  fulphur  fhould  be 
deftroyed  $ a gentler  heat  even  is  neceflary  for 
this  purpofe,  that  the  fulphureous  particles, 
gradually  feparating,  may  remain  in  their  na- 
tural ftate ; for  if  they  fufe,  the  heterogeneous 
particles,  which  ought  to  be  removed,  will  be 

included  in  the  fufed  mafs. 

This  operation  muft  be  fo  conduced,  that 
the  menftruum  may  be  added  in  feveral  por- 
tions, at  each  turn  about  fix  times  the  weight 
of  the  ore  ; this  attacks  the  pyrites  with  an  ef- 
fervefcence,  occafioned  by  the  extrication  of  a 
large  quantity  of  nitrous  acid.  When  this  ef- 
fect ceafes,  another  portion  is  to  be  poured  on, 
until  the  fulphur  is  obtained  pure,  and  marked 
with  its  genuine  colour.  This  procefs  general- 
ly requires  to  one  part  of  the  ore  from  12  to  16 
of  the  acid. 

Let  the  fulphur,  when  walked,  be  colle&ed 
upon  a filter,  dried,  and  weighed  : Whether  it 
be  pure  or  not  is  eafily  determined  by  the  cau- 
ftic  fixed  alkali. 

If  the  matrix  is  infoluble  in  the  menftruum, 
it  remains  at  the  bottom,  together  with  the 

gold, 
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gold,  which  is  diftinguifhed  by  its  peculiar  fplen- 
dour  and  colour,  and  may  be  feparated  from 
the  powder  of  the  matrix  by  careful  elutriation. 
The  particles  of  gold  do  not  affume  the  form 
of  impalpable  atoms,  but  of  grains,  very  fmall 
indeed,  but  fuch  that  a difcerning  eye  will  readi- 
ly obferve  their  angles  and  inequalities ; and 
their  appearance  may  perhaps  lead  to  a fufpi- 
cion,  that  they  have  been  rather  mixed  with, 
than  dilfolved  by  the  pyrites. 

The  clear  folution  is  generally  green ; let 
this  be  evaporated  to  drynefs,  then  ignited  and 
weighed.  If  there  be  other  metals  befides  iron 
prefent,  they  may  be  extrafted  by  fuitable  men- 
llrua  ; copper  by  the  volatile  alkali ; manganefe, 
which  is  generally  prefent,  by  dilute  nitrous 
acid,  with  the  addition  of  a little  fugar ; zinc 
by  any  menftruum,  although  this  is  fcarcely 
ever  found  in  gold  pyrites ; and  filver  by  pure 
nitrous  acid.  When  calcareous  earth  forms 
the  matrix,  it  unites  with  nitrous  acid,  and 
yields  a nitrated  lime  ; when  clay,  it  forms  an 
alum  with  vitriolic  acid. 

The  fum  of  the  weights  of  all  the  ingredients 
fhould  be  equal  to  the  original  weight ; and, 
unlefs  fome  lofs.has  been  fuftained  during  the 
operation,  any  deficiency  is  to  be  attributed  to 
the  fulphur  deftroyed. 

(d)  I have  as  yet  only  feen  one  fpecimen 
of  the  ore  of  Nagyay ; this  confifls  of  a gray 
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quartz,  and  a white  matter  not  unlike  a fandy 
{tone,  which  is  taken  up  with  eiFervefcence  by 
acids,  without  imparting  any  tinge  to  the  men- 
flruum.  The  folution  forms,  with  aerated  al- 
kali, a white  precipitate,  and  with  phlogiftica- 
ted  alkali  a brownilh  yellow.  By  the  dry  me- 
thod, the  fame  matrix  foon  grows  black  in  the 
fire,  and,  according  to  circumftances,  tinges 
microcofmic  fait,  either  with  a purple  colour, 
or  does  not  tinge  it  at  all ; it  is  therefore  ( b ) 
an  aerated  manganefe.  This  matrix  contains 
difperfed  in  it  lamellae  of  the  colour  of  lead,  or 
a little  darker,  which  yields  to  the  knife  : Thefe, 
with  warm  aqua  regia,  grow  quickly  white, 
and  are  totally  diffolved  with  eiFervefcence,  tin- 
ging the  menftruum  yellow  ; on  cooling,  the 
folution  depofits  acicular  cryftals.  If  we  were 
provided  with  a fufficient  quantity  of  the  ore, 
I have  no  doubt  but  its  conftituent  principles 
might  be  feparated  in  the  humid  way  by  proper 
menftrua. 

v 

§ iv.  Ores  of  Plafina. 

So  far  as  we  know,  the  metal  called  platina 
is  not  found  any  where  but  in  America,  and  is 
always  native.  The  only  metal  with  which  this 
is  conftantly  alloyed  is  iron,  the  greatell  part 
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of  which  may  be  feparated  by  repeatedly  boil- 
ing the  grains  of  platina,  reduced  to  as  fine  a 
powder  as  poffible,  in  marine  acid  ; in  this  way 
the  original  weight  is  generally  diminilhed  about 
°j°5* 

The  platina  being  thus  depurated,  and  dif- 
folved  in  aqua  regia,  eafily  difcovers  itfelf  by 
means  of  martial  vitriol,  if  any  gold  be  prefent : 
On  the  other  hand,  if  platina  contains  a fmall 
portion  of  gold,  this  may,  for  the  mod  part,  be 
precipitated  by  any  neutral  fait  containing  ve- 
getable or  volatile  alkali. 

§ v.  Ores  of  Silver . 

Silver,  befides  its  complete  form,  puts  on,  in 
the  bowels  of  the  earth,  a variety  of  forms, 
partly  united  with  fulphur,  either  alone,  or  with 
other  metals,  partly  mineralized  by  acids. 

(a)  Native  filver  is  generally  allayed  with 
gold  or  copper,  or  both  ; the  filver  and  copper 
are  eafily  taken  up  by  nitrous  acid;  and,  if  any 
gold  be  prefent,  it  appears  at  the  bottom  like  a 
black  powder,  which,  by  folution  in  aqua  regia, 
and  precipitation  by  martial  vitriol,  may  be 
made  at  pleafure  to  alfuine  a more  metallic  ap- 
pearance. 

This  feparation  being  effe&ed,  the  copper 
remaining  in  the  liquor  may  eafily  be  collected 
by  means  of  iron,  or  aerated  alkali. 


There 
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There  has  lately  been  difcovered  a new  va- 
riety of  filver  ore,  which  is  extremely  rich; 
this  is  found  in  two  different  places,  namely,  at 
Andreafberg  in  Hercynia,  and  at  Wittichen  in 
Fuflenberg ; a fpecimen  of  each  is  to  be  feen  in 
the  Academy’s  colle&ion.  That  of  Fuflenberg 
has  the  appearance  of  irregular  grains  conglo- 
merated, which  poffefs  a metallic  fplendour,  are 
a little  yellow,  and,  together  with  native  filver, 
are  contained  in  the  common  white  fpathum 
ponderofum.  The  grains,  when  examined,  are 
found  to  contain  filver  allayed  with  a fmall 
portion  of  regulus  of  antimony.  Thefe  metals 
may  be  feparated  by  concentrated  nitrous  acid ; 
for  the  firft  is  thereby  diffolved,  and  the  latter 
corroded  into  a white  calx.  Aqua  regia  takes 
up  the  antimony,  a falited  filver  remaining  at 
the  bottom.  The  particles  of  this  ore  are  fome- 
what  malleable,  and  fhould  be  reduced  as  fine 
as  poflible  before  they  are  put  into  the  men- 
ftruum.  The  ore  of  Hercynia  is  called  butyra- 
ceous ; that  which  I have  feen,  exhibited,  in  a 
calcareous  matrix,  very  thin  leaves  of  metal, 
the  fcarcity,  as  well  as  tenuity  of  which,  in  the 
above  mentioned  fpecimen,  prevented  me  from 
making  proper  experiments ; fo  that  I dare  not 
abfolutely  affirm  that  this  agrees  with  the  for- 
mer in  its  properties,  although  it  appears  very 
probable. 


(8)  Sil- 
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(b)  Silver  united  with  fulphur  alone  is  black, 
and  is  commonly  called  the  glaffy  ore  of  filver. 
Let  this,  divided  and  comminuted  as  much  as 
poffible,  be  gently  boiled  for  an  hour  in  25  cwt. 
of  diluted  nitrous  acid ; the  liquor  being  de- 
canted, let  the  operation  then  be  repeated  with 
an  equal  quantity  of  the  menftruum;  and,  un- 
lefs  the  pure  fulphur  be  now  feparated,  the  men- 
ftruum is  to  be  employed  anew  : The  laft  par- 
ticles of  the  filver  adhere  obftinately  to  the  ful- 
phur : If  any  gold  be  prefent,  it  remains  undif- 
folved  at  the  bottom. 

The  decanted  liquors  being  collected,  are  to 
be  deprived  of  the  filver  by  the  addition  of  com- 
mon fait ; let  this,  when  collected,  wafhed,  and 
dried,  be  = a,  and  the  filver  required  will,  = 

200a. 

* 

3 2 9 

Let  the  fulphur  be  weighed  feparately,  and 
its  weight,  added  to  the  above,  ffiould  amount 
to  100  lb.  if  the  operation  has  been  rightly 
performed,  and  no  decompofition  of  the  fulphur 
has  taken  place. 

The  clear  liquor  which  pafles  in  filtering  the 
luna  cornea,  upon  the  addition  of  a phlogifti- 
cated  alkali,  quickly  difcovers  the  foreign  metal 
accidentally  inhering  in  it : And,  after  this  pre- 
cipitation, the  earthy  contents  are  exhibited  by 
a fixed  alkali.  The  reliquiae  of  the  infoluble 
matrix  are  with  difficulty  feparated  from  the 
fulphur eous  particles  : — Let  the  fum  of  the 

weights 
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weights  be  firft  inquired,  then  let  cauftic  alka- 
line lixivium  be  poured  on,  and  the  fulphur 
diffolved  in  a gentle  digefting  heat ; the  matrix 
then  remains  alone,  and  its  weight  determines 
that  of  the  fulphur.  The  digeftion  muft  not  be 
continued  longer  than  is  neceffary ; for  the  fili- 
ceous  earth  is  alfo  capable  of  entering  the  lixi- 
vium. However,  this  inconvenience  is  not  very 
much  to  be  apprehended;  for  to  this  effedt  the 
mechanical  divifion  muft  be  far  more  complete- 
ly performed. 

(c)  Silver,  united  to  fulphur  and  arfenic 
jointly,  is  generally  diftinguifhed  by  its  red  co- 
lour, fometimes  beautifully  pellucid,  refembling 
a ruby ; but  it  is  fometimes  gray,  metallic,  and 
opaque.  All  thefe  varieties,  however,  yield  a 
red  powder,  and  hence  it  is  called  the  red  ore 
of  filver. 

Let  this,  reduced  to  a very  fubtile  powder, 
be  twice  gently  boiled  in  diluted  nitrous  acid 
as  above  : A part  of  the  menftruum  being  de- 
canted off,  let  the  white  powder  which  remains 
at  the  bottom  be  well  wafhed  with  diftilled  wa- 
ter : Let  the  filver  be  precipitated  from  the  ciear 
liquors,  collected  by  means  of  fea-falt ; and,  fi- 
nally, let  the  falited  fediment,  properly  treated, 
be  weighed  as  before. 

Let  the  white  powder  above  mentioned  be 
quickly  boiled  in  a fufficient  quantity  of  aqua 
regia,  until  the  arfenic  be  diffolved,  and  the  ful- 
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phur  appears  pure.  The  yellow  folution,  cau* 
tioully  decanted,  lets  falls  a very  white  powder, 
upon  the  addition  of  a fuitable  portion  of  wa- 
ter ; and  the  fmall  quantity  which  is  taken  up 
by  the  water  is  collected  by  evaporating  to  dry- 
nefs. 

The  fulphur  now  feparated,  though  it  appears 
pure,  yet  ftill  contains  a little  filver,  which  could 
not  eafily  be  feparated  before  by  the  nitrous  a- 
cid,  on  account  of  the  arfenic  : But,  when  the 
arfenic  is  taken  away  by  the  aqua  regia,  the  re- 
maining parts  of  the  filver  are  taken  up  by  the 
marine  acid,  entangled  in  fulphureous  particles. 
In  order,  therefore,  to  free  the  fulphur  from 
this  falited  filver,  let  cauftic  volatile  alkali,  di- 
luted with  water,  be  poured  on,  and  kept  in  a 
well  clofed  veffel  for  fome  days, — a weight  of 
the  alk  line  liquor  equal  to  that  of  the  fulphur 
is  fufficAnt.  The  fulphur  being  weighed  before 
and  after  the  operation,  indicates  the  weight 
both  of  itfelf  and  of  the  falited  filver. 

If  any  iron  be  prefent,  which  I have  feldom 
experienced,  it  may  be  difcovered  in  the  liquors 
firft  precipitated  with  the  fait  or  water,  by  means 
of  phlogifticated  alkali. 

(d)  Silver  united  with  fulphur,  arfenic,  and 
copper,  is  generally  called  the  white  ore  of  fil- 
ver, and  is  examined  in  the  following  manner : 

. — Let  i cwt.  of  the  ore,  reduced  to  powder,  be 
gently  boiled  for  an  hour  in  a little  more  than 
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twelve  times  its  weight  of  diluted  nitrous  acid. 
The  dry  powder  grows  black  and  foul ; and, 
wdien  added  to  the  acid,  fends  forth  an  hepatic 
fmell,  a portion  of  it  is  diffolved,  and  at  length 
a white  refiduum  remains  at  the  bottom:  Upon 
fubfiding,  if  the  liquor  cannot  be  decanted  clear, 
let  it  be  filtered.  This  liquor  contains  the  El- 
ver and  the  copper  ; the  former  of  thefe  cannot 
be  precipitated  alone  by  muria,  becaufe  the 
marine  acid  attra&s  the  copper  more  ftrongly. 
A white  precipitate,  compofed  of  fmall  aciculm, 
is  indeed  thrown  down;  but,  upon  expofure  fot 
fome  days  to  the  rays  of  the  fun,  does  not  grow 
black  in  the  fmalleft  degree ; and  it  confifts  of 
a peculiar  combination  vof  marine  acid,  Elver, 
and  copper.  The  Elver,  therefore,  in  this  cafe, 
is  to  be  precipitated  by  a determined  wreight  of 
copper ; and,  afterwards,  the  copper  to  be  fepa- 
rated  by  iron  or  aerated  alkali  (§  vm.);  but 
the  ultimate  weight  is  to  be  diminifhed  by  that 
of  fuch  part  of  the  precipitant  as  has  entered  thfe 
menftruum. 

Let  the  white  refiduum  be  boiled  in  marinfc 
acid,  and  precipitated  by  water;  thus  wye  obtain 
the  arfenic  with  a fmall  portion  of  marine  acid, 
which  yet  it  retains  obftinately,  as  is  el'fewherc 
obferved. 

The  arfenic  being  feparated,  the  fulphur  re- 
mains alone,  and  mult  be  proved  by  volatile 
Vo l.  II.  E e alkali. 
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alkali,  to  try  whether  it  Hill  contains  any  cop- 
per or  falited  filver. 

(e)  Silver  mineralized  by  fulphur,  fometimes 
alfo  contains  antimony  : This  ore  often  forms 
capillary  threads  of  an  hoary  brown  colour : 
Let  this  be  gently  boiled,  or  rather  digefted, 
for  an  hour,  in  fix  times  its  weight  of  diluted 
nitrous  acid,  until  the  filver  is  diffolved,  and  all 
the  antimony  reduced  to  a white  calx,  which, 
after  decanting  the  liquor,  may  be  feparated 
from  the  fulphur  by  marine  acid,  and  precipi- 
tated by  water.  The  folution  of  filver  is  to  be 
precipitated  by  muria,  and  i cwt.  feldom  con- 
tains more  than  four  ounces. 

(f)  Befides  fulphur  and  antimony,  there  is 
fometimes  alfo  prefent  copper  and  iron;  but 
the  experiment  in  this  cafe  may  be  conduced 
in  the  fame  way,  only  with  a double  proportion 
of  acid.  Thefe  metals  all  remain  in  the  liquor, 
but  are  eafily  feparated  by  precipitating  the  fil- 
ver, by  means  of  copper  ; and  the  iron  by  zinc, 
or  an  alkaline  fait. 

(g)  We  fometimes  meet  with  filver  minera- 
lized by  fulphur  at  the  fame  time  containing 
iron : But  in  the  ore  which  the  Germans  call 
weiferi z,  filver  is  frequently  abfent,  fo  that  the 
filver  which  is  fometimes  difcovered  in  it  feems 
to  be  native. 

(h)  Silver,  mineralized  by  the  marine  and  vi- 
triolic acids,  is  commonly  known  by  the  name 
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of  corneous  ore  of  filver : The  colour  of  this  is 
white,  green,  yellow,  violet,  or  black.  Two 
remarkable  varieties  of  it  occur,  the  one  may 
be  cut,  and  is  fomewhat  malleable ; the  othef 
brittle,  which,  befides  the  acid,  alfo  contains 
fulphur. 

Let  ioo  of  the  former,  comminuted  as  much 
as  poflible,  be  plunged  into  marine  acid,  and 
kept  for  one  day  in  a digelting  heat,  fhaking 
the  mixture  from  time  to  time : Let  the  liquor 
be  afterwards  decanted  clear,  and  the  refiduum, 
previoufly  well  wafhed  with  water,  be  added  to 
the  liquor : Then  let  nitrated  terra  ponderofa 
be  gradually  dropped  in,  until  it  ceafes  to  oc- 
cafion  any  precipitation.  Suppofe  the  weight 
of  the  precipitate,  walked  and  dried,  — a ; now 
vitriolated  terra  ponderofa,  whofe  weight  is  a, 
contains  of  acid  0,15  a,  which  correfponds  with 
vitriolated  filver  0,48  a;  for  from  100  of  vitriol 
of  filver  68,75  metal  is  obtained  by  reduc- 
tion. All  the  filver  is  not  precipitated  from 
nitrous  acid  by  the  vitriolated  mineral  alkali : 
The  falited  filver,  therefore,  will  be  100  — 
0,48  a.  In  the  former  fait  the  filver  contained 
is  exprelfed  by  0,33  a;  in  the  latter  by  75,19 
— 0,36  a;  and,  therefore,  the  fum  required  for 
the  100  will  be  75,19  ■— 0,03  a.  Thefe,  and 
the  following  formula;,  depend  upon  the  mutu- 
al proportion  ol  the  principles,  and  the  weights 
of  the  precipitates,  which  are  experimentally 
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determined  in  the  Traft  on  Metallic  Precipi- 
tates (§  vi.  a). 

T he  brittle  horny  ore  alfo  contains  fulphur, 
but  the  faliae  part  may  be  extra&ed  by  vo- 
latile alkali,  and  the  quantity  of  filver  after- 
wards determined  by  the  method  above  men- 
tioned (r). 


§ vi.  Ores  of  Mercury. 

/ 

Mercury  is  afforded  by  nature,  either  native, 
or  mineralized  by  fulphur  or  acids. 

(a)  When  native,  it  is  eafily  diftinguifhable 
by  its  fluidity,  and  is  feldom  mixed  with  any 
other  metals  but  gold,  filver,  or  bifmuth,  which 
frequently  exift  native,  and  are  very  eafily  fo- 
luble  by  this  liquid  metal ; if  any  of  thefe  be 
prefent,  the  firft  remains  at  the  bottom,  when 
the  mercury  is  diffolved  in  nitrous  acid  ; the 
third  is  indeed  taken  up  by  the  menftruum, 

but 

((,-)  Artificial  falited  filver  may,  without  any  confi- 
derable  lofs  of  the  metal,  be  reduced  in  the  following 
manner: — Let  the  mafs  be  mixed  with  an  equal  bulk 
of  alkaline  fait  in  a glafe  mortar,  and  by  means  of  a 
few  drops  of  water  be  formed  into  a globule ; let  this 
globule  be  put  into  a crucible,  the  bottom  of  which  has 
previoufly  been  firewed  with  fal  fodse,  comprelfed,  and 
well  covered  with  the  fame  alkali ; an  heat  fufficient 
for  fufion  being  then  applied,  the  whole  of  the  metal 
will  be  recovered  if  the  falited  filver  has  been  accurate- 
ly collected. 
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but  precipitated  by  tvater;  and  the  fecond  is 
difcovered  by  fea-falt,  which  alfo  precipitates  at 
the  fame  time  a falited  mercury,  which  is  eafily 
feparable  by  its  greater  folubility. 

(b)  In  cinnabar,  the  union  between  the  ful- 
phur  and  the  metal  feems  to  be  more  complete 
than  in  other  mineralizations,  as  it  cannot  be 
decompofed  either  by  vitriolic,  nitrous,  or  ma- 
rine acid.  I have  even  attempted  to  difunite 
them  by  a folution  of  cauftic  fixed  alkali  in  wa- 
ter, and  by  boiling  for  many  hours,  but  in  vain. 
However,  there  are  two  ways  of  effecting  a per- 
fect decompofition  ; one  by  gently  boiling  for 
an  hour  the  cinnabar  with  eight  times  its  weight 
of  an  aqua  regia,  one  fourth  of  which  confifts 
of  marine  acid;  the  other  by  boiling  it  in  ma- 
rine acid,  with  the  addition  of  ~ the  cinna- 
bar’s weight  of  black  calx  of  manganefe.  In 
both  cafes  the  menftruum  is  the  fame,  namely, 
a dephlogifticated  marine  acid ; but,  in  the  firft 
cafe,  the  acid  is  dephlogifticated  by  the  nitrous 
acid,  in  the  latter  by  the  calx  of  manganefe ; 
the  former  is,  however,  the  beft,  as  no  hetero- 
geneous matter  is  fuperadded. 

By  whatever  method  the  metallic  part  of  the 
cinnabar  is  diffolved,  the  feparated  fulphur  may 
be  collefted  by  a filter,  and  the  mercury  pre- 
cipitated by  zinc  : Copper  precipitates  falited 
mercury  in  a more  imperfect  manner. 
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If  the  cinnabarine  ore  under  examination  be 
very  much  entangled  in  the  matrix,  it  mull  be 
freed  from  it,  as  much  as  mechanically  can  be 
done,  by  lotion ; then  the  foluble  parts  of  the 
matrix  taken  away  by  nitrous,  marine,  or  vitrio- 
lic acid,  occafionally ; and,  finally,  the  metal 
itfelf  feparated  by  aqua  regia. 

(c)  Mercury  has  alfo  lately  been  difcovered 
mineralized  ( d ) by  the  vitriolic  and  marine  a* 
cids.  The  former  may  be  feparated  by  the  help 
of  marine  acid,  by  trituration  or  digeftion,  and 
the  metal  precipitated  by  nitrated  terra  ponde- 
rofa ; but  the  weight  of  the  new  earthy  fait  a, 
being  given,  we  can  eafily  learn  the  quantity 
of  metal  (as  before  obferved  § v.)  : Yet  as  ni- 
trated mercury  is  not  totally  precipitated  by  vi- 
triolated  mineral  alkali,  we  mud  not  here  de- 
pend upon  the  weight  of  the  precipitate.  By 
another  procefs,  therefore,  we  obtained  from 
ioo  of  vitriol  of  mercury  33,899  of  pure  metal, 
and  from  an  equal  weight  of  corrofive  fubli- 
mate  75,5  ; from  whence  the  data  of  a calcula- 
tion are  eafily  deduced  : For,  let  the  quantity  of 
vitriolic  acid  = 0,15  a ; the  vitriol  of  mercury 
containing  this  = 0,44  a ; and  the  falited  mer- 
cury = 100  — 0,44  a.  In  the  former  fait  the 

mercury 


(d)  Mr  Woulfe  was  the  firft  who  difcovered  that 
thefe  two  acids  a&  as  mineralizing  fubltances  with  re- 
fpe&  to  mercury. 


IN  THE  HUMID  WAY. 


439 


mercury  conftitutes  0,29  a,  and  in  the  latter 
72,5  — 32  a;  fo  that  the  whole  metallic  content 
in  100  = 72,5  — 03  a.  But,  as  the  fcarcity  of 
this  ore  has  not  permitted  us  to  examine  it  fuf- 
ficiently,  we  are  ftill  ignorant  whether  the  fa- 
lited  part  is  to  be  compared  with  corrofive  fub- 
limate  or  mercurius  dulcis  ; if  the  latter,  the 
calculation  comes  out  different ; for,  in  the  lat- 
ter of  thefe  two  falts,  the  metal  forms  above 
0,91,  and  the  whole  content  is  exhibited  by  the 
following  formula;  91,18  + 0,129  a — 0,40  a = 
91,18  — 0,11  a. 

§ vn.  Ores  of  Lead, 

Whether  nature  ever  produces  lead  native  is 
ffill  in  difpute.  The  moft  common  ore  con- 
tains it  mineralized  by  fulphur,  generally  mixed 
with  filver,  fometimes  alfo  with  iron  and  anti- 
mony together.  That  which  is  commonly  call- 
ed calciform  lead,  contains  the  metal  united 
with  the  aerial  acid,  or  the  acid  of  phofphorus. 

(a)  Lead,  if  ever  found  native,  may  be  eafiiy 
examined,  as  to  purity,  by  means  of  nitrous 
acid,  which  difeovers  copper  both  by  its  blue 
colour  and  its  precipitation  by  iron  ; and  filver 
is  betrayed  by  the  addition  of  copper. 

(b)  When  united  with  fulphur,  and  freed 
from  any  matrix,  let  it  be  reduced  to  a fine 
powder ; let  this  be  boiled  in  nitrous  or  marine 
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acid  until  the  fulphur  is  obtained  pure,  collec- 
ted  on  a filter,  wafhed,  and  dried.  Its  purity  is 
afcertained  by  cauftic  fixed  alkali. 

Let  the  folution  be  precipitated  by  aerated 
mineral  alkali,  when  the  lead  is  either  alone  or 
mixed  with  filver ; in  the  former  cafe,  fuppo- 
fing  the  weight  of  the  precipitate  = a,  the  weight 
of  the  reguline  lead  will  be  ’-j— i j if  the  latter, 
let  the  filver  be  extra&ed  by  volatile  alkali,  and 
the  reficjuum  multiplied  into  the  conflant  co- 
efficient -fyr4  will  exprefs  the  lead.  The  ae- 
rated filver  is  known  by  the  diminution  of 
weight ; if  this  be  = b,  then  the  filver  in  a me- 
tallic form  = Vtt*  - 

The  folution  made  in  marine  acid,  during  the 
operation,  depofits  a-,  large  quantity  of  falited 
lead,  which  muft  be  diffolved  in  water  before 

the  precipitation. 

If  antimony  be  prefent,  this  is  fo  much  de- 
phlogifticated  by  concentrated  nitrous  acid,  that 
jt  is  calcined  and  falls  to  the  bottom  : The  gi- 
ven weight  of  this,  multiplied  by  the  conftant 
co-efficient  indicates  the  reguius  in  the  mu- 
riatic folution;  this  fpontaneoufly  falls,  upon 
dropping  in  water,  which  takes  up  the  falited 
lead. 

Iron,  which  yet  is  but  feldom  found  in  gale- 
na, may  thus  be  difcovered  : — Let  the  muriatic 
folution  be  firft  fo  far  faturated  with  fixed  alka- 
ii  that  the  acid  may  predominate  only  a little, 

and 
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and  yet  all  precipitation  be  folicitoufly  avoided. 
This  being  done,  the  lead  will  be  precipitated 
by  a polifhed  plate  of  iron,  added  during  boil- 
ing ; as  alfo  will  the  filver,  which  is  almoft  al- 
ways prefent : Finally,  let  the  iron  be  precipi- 
tated by  aerated  or  phlogifticated  alkali  (§  ix.)  j 
and  its  weight  corrected  by  the  part  of  the  me-  ‘ 
tallic  plate  which  is  diffolved  during  the  preci- 
pitation. 

If  the  ore  contains  any  matrix,  this  is  either 
foluble,  and  may  at  firft  be  feparated  by  vine- 
gar, or  elfe  is  infoluble  in  the  common  acids, 
and  is  found  collected  at  the  bottom. 

(c)  Lead,  mineralized  by  aerial  acid,  and 
deprived  of  all  heterogeneous  foluble  mixture, 
may  be  diffolved  in  nitrous  acid,  and  precipi- 
tated by  aerated  mineral  alkali ; which  being 
done,  the  quantity  of  lead  is  known  by  the 
weight  of  the  precipitate,  as  before  (b). 

But,  if  the  matrix  containing  it  be  foluble, 
let  the  marine  acid  be  employed,  and  the  metal 
precipitated  by  iron,  as  above  defcribed. 

(d)  Lead,  mineralized  by  acid  of  phofpho- 
rus,  is  eafily  diftinguilhed.  ioo  of  this,  in  pow- 
der, is  diffolved  in  1 nitrous  acid  by  means  of 
heat,  except  a few  martial  particles,  which  ge- 
nerally remain  at  the  bottom.  The  diffolved 
lead,  upon  the  addition  of  vitriolic  acid,  imme- 
diately forms  a fnowy  white  vitriol,  which  wafli- 
ed?  collected,  and  dried,  may  be  fuppofed  to 
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weigh  a,  in  which  cafe  the  correfponding  lead 
is  = The  liquor  remaining  after  the 

precipitation  yields,  by  evaporation  to  drynefs, 
a phofphoric  acid. 

The  colour,  both  of  this  and  the  former  ore, 
is  owing  to  iron ; generally  they  are  green, 
fometimes  yellow,  but  rarely  red  ; they  occur 
white,  and  fometimes  pellucid ; and  all  affeft  a 
cryflalline,  efpecially  a prifmatic  form. 

§ viii.  Ores  of  Copper. 

Copper,  befides  its  metallic  form,  aflumes  a 
variety  of  fhapes  : It  is  generally  united  with 
fulphur,  and  very  feldom  without  iron ; but  it 
alfo  fometimes  occurs  mineralized  by  aerial, 
vitriolic,  and  even  by  marine  acid. 

(a)  Native  copper  readily  diffolves  in  nitrous 
acid ; if  gold  be  prefent,  it  falls,  untouched,  to 
the  bottom,  in  form  of  a black  powder ; if  fil- 
ver,  it  is  foon  precipitated  by  copper ; if  iron, 
by  boiling  the  folution  for  fome  time,  and  in- 
fpilfating  to  drynefs,  it  is  gradually  calcined, 
and  feparates. 

(b)  When  mineralized  by  fulphur,  let  it  be 
powdered,  and  gently  boiled  to  drynefs  in  five 
times  its  weight  of  concentrated  vitriolic  acid ; 
let  the  refiduum  be  well  wafhed  with  water,  un- 
til all  the  metallic  part  has  entered  the  men- 
Itruum. 
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The  folution  requires  at  lead  a portion  of 
water  equal  to  four  times  the  vitriol  which  is  to 
be  diffolved,  and,  therefore,  the  quantity  fhould 
be  adapted,  in  fome  degree,  to  the  goodnefs  of 
the  ore : That  which  contains  0,05  of  copper 
requires  about  0,8  of  water,  and  fo  on.  Let  a 
polifhed  iron  plate,  about  twice  the  weight  of 
the  copper,  be  immerfed  in  the  folution  proper- 
ly diluted  j let  boiling  be  continued  until  no 
further  precipitate  is  occafioned.  If  the  quan- 
tity of  water  be  too  fmall,  the  precipitated  me- 
tal adheres  vdry  pertinacioufly  to  the  iron  plate, 
which,  by  a proper  quantity,  is  always  com- 
pletely freed.  Let  the  precipitated  copper,  well 
walhed,  be  fpeedily  dried ; but  yet  with  fuch  a 
degree  of  heat  as  to  make  the  furface  of  the 
metal  of  different  colours,  which  inftantly  and 
fenfibly  increafes  the  weight. 

If  the  precipitated  copper  be  found  mixed 
with  iron,  which  is  fometimes  the  cafe,  efpe- 
cially  in  the  examination  of  a poor  ore,  this 
mud  be  again  diffolved,  to  obtain  a richer  fo- 
lution ; which  depofits  pure  copper,  if  the  ope- 
ration be  conducted  as  above  defcribed.  The 
fame  circumftance  takes  place  in  the  precipita- 
tion of  filver  by  copper  ; a rich  folution  yields 
the  metal  pure,  but  a poor  one  yields  it  allayed 
with  copper. 

If  the  copper  to  be  precipitated  contains 
other  metals,  thefe  may  eafily  be  feparated  by 
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fohition  in  the  nitrous  acid.  Gold  remains  at 
the  bottom,  undiffolved,  in  the  form  of  a black 
pow4er  j and  filver  precipitates  upon  a copper 
plate. 

During  this  procefs,  the  whole,  or  a great 
part  of  the  fulphur,  flies  off  by  the  intenfe  heat 
neceflary  for  evaporating  the  vitriolic  acid  to 
drynefs  ; yet  its  quantity  may,  in  fome  degree, 
be  judged  from  the  fum  of  the  weights  of  the 
other  ingredients,  compared  with  the  weight  of 
the  whole ; befides,  if  thought  neceflary,  a flo- 
tation in  aqua  regia  may  be  made,  for  the  pur- 
pofe  of  collefting  the  fulphur. 

(c)  Copper,  mineralized  by  aerial  acid,  is  of 
an  elegant  green  colour,  and  is  commonly  call- 
ed malachites  j to  this  alfo  belongs  the  green 
taken  ore  of  copper,  which  is  of  the  fame  na- 
ture. Thefe  ores,  when  pure,  are  totally  fo- 
table  in  acids,  and  may  be  precipitated  either 
by  iron  or  aerated  alkali.  In  the  latter  cafe, 
fuppofing  the  weight  of  the  precipitate  to  be  = a, 
the  metallic  copper  contained  will  be  (/). 

If 


(/)  The  illuftrious  Fontana  was  the  firft  who  deter- 
mined the  true  nature  of  the  malachites.  He  found 
that  it  contains  y of  calcined  copper,  ^ of  aerial  acid, 
and  about  of  water.  The  fame  principles  he  difcover- 
ed  in  the  green  filken  ore,  their  proportions  only  being 
fomewhat  varied.  This  obtains  alfo  with  refpetf  to 
the  blue  ore ; but  this  the  aerial  acid  forms  a larger 

part 
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If  calcareous  earth  be  mixed,  which  fome- 
tiines  happens,  this  may  be  thrown  down  by 
aerated  alkali,  after  the  precipitation  of  the  me- 
tal by  phlogifticated  alkali. 

Calciform  blue  copper  confilts  alfo  of  copper 
mineralized  by  aerial  acid.  Its  principles  are 
difcovered  in  the  fame  way. 

Calciform  red  copper,  or  of  a brownifh  red, 
is  called  by  Mr  Cronftedt  the  glaffy  ore  of  cop- 
per. This  alfo  is  totally,  or  for  the  mod;  part, 
diffolved,  and  that  with  an  effervefcence,  though 
fomewhat  weaker  than  the  other;  fo’that  it  is 
doubtful  whether  any  calciform  ore  of  copper 
is  entirely  deftitute  of  aerial  acid.  I have  not 
feen  the  red  pellucid  ore  lately  difcovered  and 
defcribed  by  Mr  Sage. 

I have  examined  in  many  different  ways  the 
red  quartz,  which  is  fuppofed  by  Mr  Cronftedt 
( k ) to  contain  fuch  a calx.  The  volatile  alkali 
did  not  extract  any  copper,  nor  did  the  vitrio- 
lic acid,  though  abftra&ed  to  drynefs.  As  the 
filiceous  matrixes  hardly  admit  the  menftrua,  I 
added  a portion  of  the  mineral  fluor  to 'the  vi- 
triolic acid;  for  the  fluor  acid,  when  expelled, 
attacks  the  quartofe  particles,  fo  as  to  fet  at  li- 
berty 

part  of  the  whole,  amounting  nearly  to  *.  or  £ ; on  the 
other  hand,  in  the  Specimens  which  have  been  exa* 
mined,  the  proportion  of  the  water  is  diminifhed  by  * 

t°rV  • • . 

(k)  Mineralog.  § 196.  b.  2. 
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berty  even  the  laft  portions  of  copper ; but  al- 
though this  experiment  always  fucceeds  when 
copper  is  prefent,  yet,  in  the  inftance  of  this 
ore,  not  the  fmalleft  fign  of  that  metal  could  be 
difcovered ; and,  therefore,  it  is  not  without 
reafon  that  we  doubt  of  its  prefence. 

(d)  Copper,  mineralized  by  vitriolic  acid,  is 
no  other  than  the  common  blue  vitriol,  which 
fometimes  occurs  native.  The  copper  it  con- 
tains is  eafily  precipitated  by  iron  in  the  man- 
ner above  defcribed. 

(e)  In  the  colle&ion  of  the  Academy  of  Up- 
fal,  there  occurs  a fpecimen  of  a dilute  greenifh 
red,  friable,  and  of  fmall  fpecific  gravity,  which 
diffolves  with  effervefcence  in  nitrous  acid,  im- 
parting a green  colour  to  the  menftruum.  Up- 
on the  addition  of  iron  the  copper  is  precipi- 
tated ; and  upon  dropping  in  a folution  of  fil- 
ver,  a white  coagulum  is  feparated,  being  a ge- 
nuine falited  filver ; fo  that  no  doubt  can  be 
entertained  of  the  prefence  of  marine  acid,  an 
opinion  which  is  alfo  eftablifhed  by  the  via  fic- 
ca  in  many  ways,  which  I here  pafs  over. 

We  find  veftiges  of  the  fame  acid  in  the  beau- 
tiful green  ore  of  Saxony,  which  is  cubic  or 
fquamous,  and  has  been  referred  to  the  fpecies 
of  mica  or  talc.  I have  lately,  by  favour  of 
Mr  Werner,  had  an  opportunity  of  examining 
a fpecimen  interfperfed  as  it  w'ere  with  this  fub- 
ftance.  It  diffolves  totally  in  nitrous  acid,  and 
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acquires  a green  colour : The  copper  is  difco- 
vered  by  many  precipitants,  as  by  iron,  by  vo- 
latile and  phlogifticated  alkali ; but  the  marine 
acid  is  difcovered  with  far  more  difficulty ; yet, 
upon  dropping  in  a folution  of  filver,  a true 
luna  cornea  falls,  but  in  fmall  quantity;  there 
appears  a portion  of  green  fcales,  which  did  not 
weigh  one  grain.  The  fmallnefs  of  the  quanti- 
ty prevented  me  from  making  any  further  ex- 
periment ; but  thofe  already  made  put  it  be- 
yond doubt  that  this  deferves  a place  among 
the  ores  of  copper;  it  contains  alfo  a little  clay; 
but  the  quantity  remains  to  be  determined  by 
experiment  on  larger  quantities.' 

§ IX.  Ores  of  Iron . 

Traces  of  this  molt  common  of  all  metals 

% 

are  found  almoft  every  where  in  the  mineral 
kingdom ; yet  the  ores  which  contain  it  in  con- 
fiderable  quantity  prefent  it  either  mineralized 
by  fulphur,  or  more  or  lefs  calcined : It  is  rare- 
ly found  united  with  vitriolic  acid  ; and  very 
feldom  in  a complete  metallic  form. 

(a)  Mineralogifts  are  not  yet  agreed  whether 
iron  be  found  native.  Concerning  that  of  Si- 
beria, a difpute  is  flill  carying  on ; and,  indeed, 
it  cannot  be  denied  but  that  the  cavities  in  the 
iron  mafs  fhew  it  to  have  been  fufed,  and  as  it 
were  inflated  by  fpumefcence;  yet  many  cir- 

cumftances 
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cumftances  feem  to  indicate,  that,  if  this  opera- 
tion ever  took  place,  it  was  performed  without 
the  affiftance  of  art.  The  floney  matter  which 
fills  all  the  cavities  is  of  a very  different  nature 
from  the  fcoriae  produced  in  our  furnaces.  To 
pafs  over  its  fituation,  and  other  circumftances, 
the  iron  itfelf,  when  cold,  or  moderately  warm, 
is  found  to  be  very  tenacious  and  malleable ; 
but  when  made  red  hot  becomes  brittle,  but 
exhibits  altogether  the  fame  phaenomena,  when 
examined  by  the  via  ficca,  as  forged  iron ; with 
marine  acid  it  diffufes  an  hepatic  odour,  which 
evidently  fhews  the  prefence  of  fulphur,  phlo- 
gifton,  and  the  matter  of  heat,  as  without  thefe 
no  fuch  fmell  ever  arifes.  It  is  probable  that 
the  matter  of  heat  is  taken  from  the  fire  by  the 
metals  in  fufion  ; yet  we  cannot  therefore  cer- 
tainly conclude,  that  every  thing  which  contains 
the  matter  of  heat  has  been  expofed  to  fire : 
And,  fuppofing  that  the  Siberian  iron  has  un- 
dergone fufion,  it  cannot  from  thence  be  infer- 
red, that  this  has  been  occafioned  by  art.  But 
this  very  rare  mineral  deferves  to  be  feparately 
and  particularly  examined. 

Ores  of  iron  are  frequently  found  in  Sweden 
fo  perfect  as  to  be  obedient  to  the  magnet,  nay, 
fometimes  are  themfelves  magnetic  ; but  thefe, 
both  with  refpeft  to  the  menflrua,  and  other 
properties,  differ  from  iron  eliquated  by  fire. 
Such  iron  as  may  properly  be  called  native  may 

yet 
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yet  be  brittle  j for  that  which  is  extrafled  arti- 
ficially, and  is  malleable,  eafily  contrails  brittle- 
nefs,  but  mud  with  menftrua  preferve  the  fame 
habits  as  the  forged. 

(b)  The  attra&ive  and  magnetic  ores,  though 
they  do  not  contain  much  fulphur,  yet  are  fel- 
dom  entirely  without  it ; but  none  of  it  could 
be  extracted  by  menftrua. 

Such  as  are  faturated  with  fulphur,  are  call- 
ed fulphureoUs  pyrites,  as  nothing  but  fulphur 
is  extracted  from  thefe ; for  although  they  fome- 
times  contain  enough  of  the  metal  to  pay  the 
expence  of  eliquation,  yet  the  metal  extracted 
by  its  brittlenefs  is  rendered  intrailable  in  the 
firej  and,  expofed  to  the  open  air  , eafily  falls 
into  a ruft. 

(c)  Iron,  mineralized  by  vitriolic  acid,  is 
produced  daily  by  the  fpontaneous  decompoft- 
tion  of  pyrites,  which  is  again  gradually  fo  de- 
phlogifticated  as  at  length  to  lofe  all  connexion 
with  the  acid.  Thefe  vitriolic  reliquiae,  wafhed 
away  and  depofited  in  lower  fituations,  perhaps 
generate  the  ores  of  lakes  and  marfhes. 

(d)  The  haematites  yield  a calx  of  iron  un- 
der various  forms,  of  an  iron  colour,  a red,  a 
black,  or  a yellow.  Other  ores  alfo  contain  it, 
but  of  a lax  and  powdery  texture,  generally- 
mixed  with  other  earths; 

Whether  any  of  thefe  ores  contain  iron  na- 
turally mineralized  by  aerial  acid  in  the  boforrt 
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of  the  earth,  is  yet  unknown.  Artificially,  this 
fubtile  acid  is  greedily  taken  up  j but  all  the 
natural  calxes  of  iron  hitherto  examined  {hew 
no  figns  of  it,  except  the  white  ores  of  iron ; 
but,  as  thefe  contain  aerated  manganefe  and 
calcareous  earth,  it  is  doubtful  whether  the 
martial  particles  contribute  to  furnifh  any  of 
the  aerial  acid  extricable  from  thefe  ores. 

(e)  All  the  ores  of  iron,  reduced  to  a very 
fubtile  powder,  and  repeatedly  boiled  in  marine 
acid,  yield  up  the  metal.  If  the  pyrites  are 
more  llowly  diffolved,  the  addition  of  a fmall 
quantity  of  nitrous  acid  accelerates  the  opera- 
tion. 

The  iron  being  extra&ed,  the  matrix,  if  in- 
foluble,  remains.  Now,  in  order  to  obtain  the 
metal  alone,  let  it  be  all  feparated  by  phlogifti- 
cated  alkali.  Suppofe  the  precipitate,  when 
wafhed  and  dried,  = a,  then  the  correfponding 
quantity  of  metallic  iron  will  be  £ ; but  this  for- 
mula mud  be  correcled  according  to  the  quan- 
tity of  the  precipitant,  as  before  obferved  (§  n.). 

That  which  is  of  itfelf  foluble,  by  means  of 
vitriolic  acid,  requires  nothing  but  water  to  pre- 
cipitate by  phlogiflicated  alkali. 

Manganefe  is  frequently  united  with  iron, 
and  is  difcovered,  without  difficulty,  by  immer- 
fing  the  blue  fediment  (carefully  weighed)  in 
water  fharpened  by  nitrous  acid,  by  which  the 
part  arifing  from  the  manganefe  is  diffolved,  as 

we 
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we  (hall  fee  hereafter  (§  xvn.).  Other  me- 
thods of  effecting  this  are  defcribed  elfewhere 
(0- 

Befides  this  metal,  there  are  others  which 
enter  the  ores  of  iron  in  ftili  larger  quantities, 
which,  for  the  molt  part,  render  the  ores  ufe- 
lefs,  by  imparting  noxious  qualities  to  the  eli- 
quated  iron.— -We  lhall  fpeak  of  zinc,  &c.  and 
of  the  manner  in  which  they  are  to  be  fepara- 
ted,  in  their  proper  places. 

§ x.  Ores  of  Tin . 

Many  teflimonies  concur  in  afferting  that  tiii 
is  found  native  in  England  ; but  I have  never 
met  with  any  fpecimen  of  it. 

But  the  ores  of  tin  almoft  always  preferve 
the  fame  cryffalline  nature,  although  the  grains 
are  often  found  fo  fubtilely  difperfed  in  diffe- 
rent matrixes  as  entirely  to  elude  the  fight.  I 
have  lately  obtained  a peculiar  variety  found  in 
England,  which,  confifting  of  contiguous  fphae- 
rical  ftrata,  and  radii  proceeding  from  a center, 
very  much  refembles  the  brown  haematites.  In 
all  thefe  tin  is  prefent,  Amply  calciform,  and  in- 
volved in  filiceous  particles ; and,  fo  far  as  is 
yet  known,  never  mineralized,  either  by  marine 
or  aerial  acid,  or  by  fulphur.  The  abfence  of 
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the  latter  is  the  more  extraordinary,  as  this  mi- 
neralizing fubftance  is  produced  by  nature  in 
great  quantities,  and  is  artificially  united  to  tin 
with  great  eafe. 

(a)  The  examination  of  tin  by  the  humid 
method  is  attended  with  no  difficulty ; for  the 
addition  of  nitrous  acid  quickly  deprives  it  fo 
far  of  its  phlogifton,  as  to  reduce  it  all  to  a 
white  calx  ; the  iron  and  copper,  if  any  be  pre- 
fent,  remaining  in  the  liquor,  ioo  parts  of 
tin,  corroded  by  nitrous  acid,  waffied  and  dried, 
yield  140  of  white  calx:  Arfenic  may  be  fepa- 
rated  by  waffiing  the  calx  with  large  quantities 
of  warm  water ; for  but  little  enters  the  acid 
menftruum.  The  other  metals  are  but  rarely 
united  with  truly  native  tin. 

(b)  The  pure  ore  is  commonly  called,  ac- 
cording to  the  magnitude  of  its  cryftals,  zinn- 
graujfen , or  z witter.  The  examination  of  thefe 
forms  is  the  great  difficulty  of  the  humid  me- 
thod, as  they  are  not  afted  upon  efte&ually  ei- 
ther by  vitriolic,  nitrous,  or  marine  acid,  or  by 
aqua  regia. 

The  reafon  of  this  pertinacity  is,  that  the 
calx,  being  well  dephlogifticated,  is  either  not 
taken  up  at  all,  or  very  fparingly,  and  is  befides 
involved  in  floney  particles,  which  elude  the 
action  of  the  acids.  The  method  by  which  this 
procefs  feems  to  be  molt  nearly  effected,  is  as 
follows : — 


To 
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To  a very  fubtile  powder  of  this  ore,  obtain- 
ed not  only  by  levigation  but . elutriation,  let 
there  be  added  a quantity  of  concentrated  vi- 
triolic acid,  and  let  this  be  expofed  to  a ftrong 
digefling  heat  for  feveral  hours  j then  let  there 
be  poured  on  a fmall  portion  of  concentrated 
marine  acid,  and,  upon  agitating  it,  a vehement 
effervefcence  immediately  begins  with  confide* 
rable  heat,  arifing  from  the  marine  acid,  which 
is  partly  deprived  of  its  water  by  the  vitriolic, 
and  generates  a marine  acid  air:  By  this  me- 
thod the  forces  of  the  two  acids  are  conjoined. 
After  the  fpace  of  about  an  hour,  let  water  be 
added,  and,  upon  fubfiding,  the  clear  liquor 
decanted.  This  operation  is  to  be  repeated 
with  the  refiduum,  until  the  acids  can  diffolve 
no  more.  ' 

What  remains  finally  undiffolved,  is  nothing 
more  than  the  ftoney  matrix. 

Let  the  folution,  precipitated  by  means  of 
aerated  alkali  = a,  and  the  quantity  of  regulus 
fought  will  be  -fyf  a. 

The  fubtile  atoms  of  the  cryflalline  ore,  inti- 
mately mixed  with  any  matrix,  may,  after  due 
pulverization,  be  feparated,  by  waffling  from  a 
given  portion,  as  the  cryftals  are  nearly  of  fix 
times  greater  fpecific  gravity  than  water ; fo 
that  they  not  only  exceed  the  earthy  particles, 
but  the  ores  of  other  metals,  and  approach  even 
to  the  lighter  metals  themfelves.  The  cryftal- 
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line  particles,  after  being  fepavated,  are  expofed 
to  the  trial  above  defcribed  j the  larger  diftinct 
cryftals  can  feldom  be  employed : The  molt 
common  ore  contains  particles  of  them  very 
much  difperfed. 

The  adventitious  metals  ufually  found  in  ores 
of  tin,  are  copper  and  iron. 

§ xi.  Ores  of  Bifmuth . 

Bifmuth,  which  is  the  mod  ponderous  of  the 
femi-metals,  occurs  partly  native,  partly  mine- 
ralized by  fulphur,  and  fometimes,  perhaps, 
even  by  the  aerial  acid.  Some  deny  that  this 
metal  is  found  naturally  united  with  fulphur, 
but  without  foundation  ; for,  although  fuch  has 
not  yet  been  found  in  Germany,  it  is  undoubt- 
edly obtained  in  many  mountains  of  Sweden, 
efpecially  at  Ridderhyttan  in  Weftmania.  Cal- 
ciform  bifmuth  is  of  a white  colour,  but  it  rare- 
ly occurs ; fo  that  it  cannot  yet  be  certainly  de- 
termined whether  it  be  mineralized  by  aerial 
acid  or  not. 

(a)  Native  bifmuth  is  eafily  taken  up  by  ni- 
trous acid,  and  may  then  be  precipitated  by 
water ; which  done,  if  any  other  metals  are 
mixed  with  it,  they  remain  in  the  liquor,  and 
may  be  feparated,  as  above  defcribed,  in  vari- 
ous places. 

(b)  When  ^ 
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(b)  When  mineralized  by  fulphur,  it  is  de« 
compofed  by  flight  boiling  in  the  fame  men- 
ftruum ; fo  that  the  fulphur  may  be  at  laft  ob- 
tained, which,  when  waflied  and  collected,  is  to 
be  examined  as  to  its  purity  and  quantity. 

The  folution  of  the  metallic  part,  precipitated 
by  water,  yields  a white  calx ; let  its  weight 
=s  a,  and  that  of  the  correfponding  metal  will 
hp  1003 

i i 3 ' 

In  thefe  mineralizations  iron  is  fometimes 
found,  which,  after  the , feparation  of  the  bif- 
muth,  is  eafily  difcoverable. 

(c)  Calciform  bifmuth,  whether  alone,  or 
mineralized  by  aerial  acid,  alfo  enters  the  ni- 
trous acid,  and  may  be  precipitated  by  u^ater, 
upon  which  the  heterogeneous  matters  remain 
in  the  liquor.  The  prefence  of  cobalt  is  difco- 
verable immediately,  by  its  communicating  a 
red  colour. 

§ xii.  Ores  of  Nickel. 

Nickel  is  found,  but  very  fparingly,  mixed 
with  other  matters,  yet  it  appears  under  a vari- 
ety of  forms ; fometimes  native,  or  united  with 
a little  fulphur,  yet,  at  the  fame  time,  intimate- 
ly united  with  iron,  cobalt,  and  arfenic  ; fo  that 
thefe  adventitious  metals  cannot  be  feparated 
without  much  difficulty,  and  the  iron  hither- 
to 
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to  but  imperfe&ly;  but  it  occurs  minerali- 
zed by  the  vitriolic,  and  poffibly  by  the  aerial 
acid. 

(a)  Native  nickel  is  taken  up  by  nitrous 
acid,  and,  when  precipitated  by  aerated  alkali, 
yields  a calx  which  almoft  always  contains  iron, 
arfenic,  and  cobalt,  in  the  fame  proportions  in 
which  they  generally  accompany  the  regulus 
eliquated  in  the  ufual  way : If  filver  and  bif- 
muth  happen  to  be  alfo  prefent,  which  yet  is 
very  rarely  the  cafe,  the  former  is  to  be  preci- 
pitated by  muria  before  the  alkali  is  employed. 

(b)  If  fulphur  be  prefent,  it  may  be  feparated 
and  colle&ed  during  folution. 

(c)  Nickel,  mineralized  by  vitriolic  acid,  is 

fcarcely  ever  without  iron  j a great  part  of  the 
martial  inquinament  is  feparated  by  long  and 
violent  boiling  in  water.  Aerated  alkali  throws 
down  a greenilh  white  precipitate  : Let  the 

weight  of  this  — a,  and  the  common  reguline 
nickel  is  = 

(dj  The  lame  metal,  mineralized  by  aerial 
acid,  is  diffolved  by  the  nitrous  acid,  and  preci- 
pitated by  means  of  aerated  alkali. 

A more  complete  account  of  the  examination 
of  this  metal  may  be  found  in  a preceding  trea- 
tife. 
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§ xill.  Ores  of  Arfenlc. 

Arfenic  is  produced  by  nature,  both  regu- 
line,  mineralized  by  fulphur,  and  calciform. 

(a)  If  the  purity  of  native  arfenic  is  to  be 
examined,  let  it  be  diffolved  in  four  times  its 
weight  of  aqua  regia,  and  the  folution  flowly 
evaporated,  without  any  reparation  of  the  me- 
tal j after  this,  let  the  arfenic  be  precipitated  by 
water,  and  colle&ed  upon  a filter ; the  clear  li- 
quor which  pafles  through  will  contain  the  he- 
terogeneous metals : If  any  filver  be  prefent,  it 
feizes  the  marine  acid,  and  falls  to  the  bottom. 

Iron  is  fcarce  ever  entirely  abfent,  and  is  fre- 
quently in  fuch  quantity  that  the  mafs  appears 
polifhed,  mofl  commonly  cryftalline,  and  is  vul- 
garly known  by  the  name  of  miffpickel,  which 
is  with  juflice  confidered  as  belonging  to  native 
arfenic,  as  it  neither  contains  any  fulphur,  nor 
any  mineralizing  acid.  It  muff,  indeed,  be  con- 
feffed,  that  arfenic  itfelf  is  nothing  more  than  a 
peculiar  acid  coagulated  by  phlogifton,  in  a 
manner  fimilar  to  fulphur ; but  the  fame  thing 
is  perhaps  true  of  all  the  metals  ; and,  befides, 
the  acid  of  arfenic,  when  loaded  with  phlogif- 
ton, puts  off  its  acid  nature,  and,  therefore,  in 
that  cafe  cannot  be  looked  upon  as  a minerali- 
zing fubftance ; but  if,  at  any  time,  it  (hall  be 
found  in  the  bofom  of  the  earth,  united  in  the 

manner 
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manner  of  an  acid  menftruum  to  any  metal,  it 
then,  beyond  doubt,  is  - to  be  confidered  as  a 
mineralizing  fubftance. 

(b)  Let  arfenic,  mineralized  by  fulphur,  be 
diffolved  in  marine  acid,  with  the  addition  of 
the  nitrous  occafionally,  in  greater  or  leffer 
quantity,  fo  that  the  fulphur  may  be  feparated 
free  from  all  the  metallic  matter.  The  fulphur 
colJ.efted,  wafhed,  and  weighed,  indicates  the 
quantity  of  the  arfenical  part ; this,  however, 
ought  to  be  precipitated  leparately  by  water, 
and  weighed,  a ftep  which  is  neceffary  where- 
ever  great  accuracy  is  required.  Salited  arfe- 
nic may  alfo  be  precipitated  in  its  metallic  form 
by  zinc,  the  folution  being  previoufly  weakened 
by  fpirit  of  wine. 

When  fulphur  alone  is  united  to  the  arfenic, 
by  its  different  proportions  it  produces  different 
colours,  from  a dilute  yellow  to  an  intenfe  red; 
but,  if  a confiderable  portion  of  iron  alfo  enters 
the  compofition,  a white  colour  is  generated, 
and  a very  different  fpecies  of  pyrites  formed, 
which  is  called  the  arfenical  pyrites  : dhe  me- 
tallic principles  of  this,  diffolved  in  marine  acid, 
or  aqua  regia,  may  be  feparated  in  the  manner 
above  defcribed. 

(c)  Calciform  arfenic,  which  nature  feldom 
produces,  is  diffolved  and  examined  by  means 
pf  marine  acid, 


In 
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In  general,  concerning  arfenical  ores,  we 
muft  guard  againft  ufing  too  much  nitrous  acid, 
as  by  that  the  whole  of  the  phlogifton  is  readi- 
ly taken  away,  and  the  acid  difengaged  : The 
fmalleft  quantity,  therefore,  which  is  fufficient 
for  folution  fliould  be  employed,  otherwife  wa- 
ter will  occafion  no  precipitation;  and,  notwith- 
ftanding  all  our  caution,  it  is  fcarce  poffible  to 
prevent  the  difengagement  of  a portion  of  the 
arfenical  acid,  efpecially  if  the  boiling  be  long- 
continued  ; this  may  be  recovered  by  evapora- 
ting to  drynefs,  yet  rarely  alone,  but  occafion- 
ally,  and  according  to  the  laws  of  attraction, 
united  either  with  alkaline  earths,  or  the  metals 
which  are  prefent  ( m ).  Some  of  the  arfenic 
eafily  flies  off. 

. / 

5 XIV, 

(m)  Regulus  of  arfenic  may  be  very  commodioufly 
obtained  in  the  following  way,  by  the  via  ficca 
White  arfenic,  with  three  times  its  weight  of  black 
flux,  is  put  into  a crucible,  which  is  covered  by  an- 
other, and  luted  fo  clofely,  that  the  accefs  of  external 
air  is  altogether  prevented.  This  being  done,  the  low- 
er crucible  is  gradually  expofed  to  a red  heat ; and,  in 
the  mean  time,  the  upper  crucible  is  protefled  from 
the  effefts  of  the  fire  by  means  of  a copper  plate  ; by 
this  method,  the  inner  furface  of  the  upper  crucible 
is  covered  with  a poliflied,  cryllallized,  reguline  cruft, 
which  may,  in  general,  be  feparated  whole  by  a gentle 
poncuffion. 
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§ xiv.  Ores  of  Cobalt. 

Reguline  cobalt  often  occurs  totally  deftitute 
both  of  fuiphur  and  acids,  that  is,  native,  and 
only  mixed  with  other  metals  ; it  is  alfo  found 
united  with  fuiphur,  and  mineralized  by  the 
acids  of  vitriol  and  arfenic.  Nature,  moreover, 
exhibits  a black  calx  of  cobalt : It  is  not  yet 
certainly  known  whether  it  is  ever  loaded  with 
the  aerial  acid. 

(a)  When  native,  it  almoft  always  contains 
iron  and  arfenic,  and  often  nickel ; and  hence, 

> no  doubt,  it  is  that  fome  authors  affert,  that  vi- 
triolated  cobalt,  and  the  other  falts  containing 
this  metal,  are  of  a green  colour ; whereas  they 
really  are  of  an  obfcure  red,  unlefs  the  nickel 
be  in  large  quantity.  In  order  to  feparate  thefe 
metals,  let  the  mixture,  diffolved  in  aqua  regia, 
evaporate  to  drynefs,  and  let  the  cobalt  be  ex- 
tradited by  vinegar ; fuppofe  this,  precipitated 
by  aerated  alkali,  be  in  weight  = a,  then  the 
correfponding  quantity  of  regulus  = We 

have  already  treated  of  the  nickel  and  the  iron 
(§  xii.)  ; if  the  arfenic  be  fuperabundant  in 
the  evaporated  folution,  it  may  perhaps  be  pre- 
cipitated by  water. 

(b)  Cobalt,  united  with  fuiphur,  may  be 
treated  in  the  fame  way,  as  it  differs  from  the 
native  cobalt  only  in  containing  a fmall  quanti- 
ty 
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ty  of  fulphur,  which  is  to  be  feparated  and  col- 
lected. 

(c)  The  celebrated  Mr  Brandt  has  difcover- 
ed  cobalt  joined  to  vitriolic  acid,  with  a large 
quantity  of  iron,  and  without  any  arfenic.  This 
I have  examined  in  the  humid  way,  by  folution 
in  aqua  regia.  The  yellow  folution,  on  account 
of  abundant  iron,  was  fcarce  red,  but,  by  boil- 
ing, aflumed  an  obfcure  green,  and,  upon  cool- 
ing, recovered  its  former  colour  5 a property 
which  diftinguifhes  cobalt.  No  fulphur  could 
be  collected ; but  a few  drops  of  falited  terra 
ponderofa,  diffolved  in  water,  immediately  dif- 
covered  the  vitriolic  acid.  Scarce  any  arfenic 
appeared. 

If  in  this  inftance  the  vitriolic  acid  be  pre- 
fent  in  a dephlogifticated  date,  as  appears  to  be 
the  cafe,  (unlefs  we  rather  choofe  to  fuppofe 
that  a very  few  particles  of  fulphur  have  been 
dephlogifticated  during  the  folution),  yet  this 
acid  is  not  prefent  in  1'uch  quantity  as  to  give 
birth  to  a vitriolated  cobalt ; for  the  mafs  is  of 
a metallic  nature,  and,  therefore,  the  acid  is  to 
be  confidered  only  as  an  inquinament. 

The  trichites  of  the  Greeks,  which  is  found 
in  the  mines  of  Herngrund  and  Idria,  adhering 
to  an  argillaceous  done,  is  found  to  contain 
fomewhat  of  a real  cobalt,  befides  the  clay  and 
vitriolic  acid  : I his  can  be  precipitated  only  by 
a phlogifticated  alkali. 


(d)  Cobalt 
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(d)  Cobalt  frequently  exhibits  beautiful  red 
efllorefcences,  of  a colour  fometimes  more  di- 
lute, fometimes  more  faturated;  it  appears  now 
like  a loofe  powder,  now  concrete ; nay,  at 
times,  it  forms  moft  beautiful  cryftals,  radia- 
ting from  the  fame  center  in  the  manner  of  a 
ftar.  Thefe  fubftances  always  fhew  fome  vefti- 
ges  of  arfenic  ; but  neither  reguline  nor  white 
arfenic  are  capable  of  imparting  the  red  colour 
to  cobalt ; this  can  only  be  effected  by  acids. 
Since,  therefore,  the  .colour  indicates  the  pre- 
fence of  an  acid,  it  is  reafonable  to  conclude  it 
to  be  the  arfenical  acid.  The  white  arfenic, 
which  is  almoft  always  adhering  to  the  ores  of 
cobalt,  may  perhaps  be  fometimes  fo  much  de- 
phlogilticated  by  time,  that  the  acid,  being  ex- 
tricated, is  in  a condition  to  act  upon  the  con- 
tiguous particles  of  cobalt. 

In  order  either  to  eftablifh  or  to  overthrow 
this  fufpicion,  I thought  it  proper  to  confult  ex- 
periments. I found  an  exact  c.orrefpondence 
to  fubfift  between  cobalt,  artificially  faturated 
with  acid  of  arfenic,  and  the  natural  red  cryf- 
tals of  cobalt,  except  that  the  latter  fometimes 
contained  white  arfenic.  The  arfenicated  co- 
balt is  not  taken  up  by  water,  unlefs  the  acid 
be  fuperabundant ; and  this  it  is,  perhaps, 
which  prevents  the  feparation  of  arfenicated 
lime,  upon  the  addition  of  falited  lime  to  the 
folution  ; however,  the  event  of  the  experiment 

is 
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is  the  fame,  whether  the  arfenicated  cobalt  em- 
ployed be  natural  or  artificial ; — on  evaporating 
to  drynefs,  an  arfenicated  lime  appears. 

On  account  of  the  fcarcity  of  this  fubflance, 
I inftituted  another  experiment  in  fmall : — I ex- 
tra&ed  the  pure  acid  of  arfenic,  firft  feparating 
it  by  vitriolic  acid,  and  then  abforbing  it  by 
highly  rectified  fpirit  of  wine ; for  this  lafl  does 
not  take  up  the  vitriolated  cobalt,  but  only  the 
difengaged  acid. 

Natural  arfenicated  cobalt  is  fcarcely  foluble 
in  water,  unlefs  the  water  be  fharpened  by  an 
acid ; and,  when  thus  dilfolved,  it  fhould  be 
precipitated  by  aerated  alkali,  to  difcover  the 
quantity  of  reguline  cobalt.  Cobalt,  artificially 
arfenicated,  and  fufficiently  dried,  fiiews  the 
fame  properties  as  the  natural. 

(e)  I have  fometimes  examined  earths  more 
or  lefs  compact,  green  or  blue,  which  appear 
to  contain  a little  cobalt  $ but  in  thefe  fpeci- 
mens  copper  abounded,  more  efpecially  in  the 
blue,  which  alfo  effervefce  violently  in  acids. 
Let  the  copper  be  firft  precipitated  from  the  fo- 
lution  by  iron,  the  liquor  evaporated  to  drynefs, 
and  the  cobalt  dilfolved  by  vinegar ; if  any  of 
the  iron  adheres  to  the  vinegar,  it  feparates  on 
boiling, 

(f)  The  black  calx  of  cobalt  is  generally 
found  concreted  into  an  hard  mafs,  known  by 
the  name  of  glaffy  ore  cf  cobalt  j this,  when 

pulverized. 
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pulverized,  is  taken  up  by  aqua  regia,  or  ma= 
rine  acid,  and  may  be  examined  like  the  for- 
mer.  I have  not  certainly  difcovered  in  thefe 
the  aerial  acid. 

§ xv.  Ores  of  Zinc . 

Many  ftill  doubt  whether  zinc  be  ever  found 
native ; it  is  feen  mineralized  by  fulphur  in  the 
pfeudo  galena;  by  vitriolic  acid,  in  native  white 
vitriol ; and  by  aerial  acid,  in  lapis  calaminaris, 
and  in  the  other  ores  which  are  called  glaflyi 

(a)  If,  at  any  time,  native  reguline  zinc, 
without  any  artificial  afliftance,  be  found,  its 
purity  may  be  eafily  examined,  as  it  is  quickly 
diifolved  in  all  the  common  mineral  acids,  and 
whatever  heterogeneous  metal  is  prefent  may 
be  precipitated  by  zinc.  The  factitious  white 
vitriol  rarely  contains  any  other  metal,  except 
lead. 

(b)  The  pfeudo  galena,  which  contains  zinc 
mineralized  by  fulphur,  together  with  iron, 
mult  be  carefully  treated  with  nitrous  acid,  in 
order  to  extract  the  metallic  part  without  inju- 
ry to  the  fulphur : If  no  other  metal  than  iron 
be  prefent,  let  it  be  precipitated  by  zinc ; but, 
if  more,  the  iron  mull  be  calcined  by  repeated- 
ly abftra&ing  nitrous  acid  to  drynefs,  and  the 
new  folution,  made  by  vinegar,  or  any  other 
menftruum,  examined. 

Hepatic 
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Hepatic  air  is  generated  by  the  Vitriolic,  and 
flill  more  copioully  by  the  marine  acid  ; but  as 
this  elaftic  fluid  confumes  a part  of  the  fulphur* 
I have  rather  directed  the  employment  of  nitrous 
acid  with  caution  in  the  folution  of  pfeudo  galena. 

(c)  Let  the  zinc,  united  with  vitriolic  acid, 
be  diffolved  in  water,  and  precipitated  by  an 
aerated  alkali ; let  the  weight  of  aerated  be  a, 
and  that  of  the  reguline  metal  zinc  is 

If,  as  is  generally  the  cafe,  iron  be  prefent* 
this  fhould  be  precipitated  by  a known  weight 
of  zinc. 

..  (d)  Zinc,  mineralized  by  aerial  acid,  and 
diffolved  in  acids,  fhould  be  precipitated  either 
by  aerated  or  phlogiflicated  alkali ; in  the  lat- 
ter cafe,  or  in  order  to  determine  the  metallic 
part,  the  weight  of  the  fediment  mult  be  divided 

by  5* 

In  the  Treatife  on  Zinc,  we  have  defcribed 
at  large  how  the  matrix,  and  other  heterogene- 
ous matters,  are  to  be  feparated  on  different  oc- 
cafions. 

A zinc,  mineralized  by  fpar,  has  lately  been 
difcovered  (n) ; and  I hope,  by  favour  of  the 
illuftrious  difcoverer,  that  it  will  be  foon  exa- 
mined by  the  humid  way,  as  the'  mineralizing 
fubftance  (o)  is  hitherto  unknown. 

Von.  II.  G g § xvn 

( n ) By  Mr  Von  Born. 

(o)  It  is  always  extremely  difficult  to  extrafl  zinc 

from! 
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§ xvi.  Ores  oj  Antimony* 

Stibium,  commonly  called  antimony , has  as 
yet  been  met  with  only  under  two  different 
forms,  namely,  native,  or  mineralized  by  ful* 
phur. 

(a)  Mr  Swab,  in  1748,  firfl  difcovered  na- 
tive antimony  in  a calcareous  matrix  at  Sahl- 
berget,  nor  do  I know  that  it  has  been  found 
any  where  elfe ; however,  in  the  collection  of 
the  Academy,  there  is  a fmall  piece  found 
fomewhere  out  of  Sweden,  but  where  is  uncer- 
tain; this  is  in  a quartofe  matrix:  So  that  it 
appears  native  antimony  is  found  in  other  pla- 
ces, though  rarely,  and  though  little  known  in 
this  country. 

The  purity  of  the  metal  is  moll  convenient- 
ly examined  by  reducing  it  to  a calx  with 
ftrong  nitrous  acid;  for  this  being  done,  if  it 
be  entirely  pure,  there  will  remain  diffolved  in 
the  menftruum  only  a fmall  part,  which  fepa- 
rates  upon  the  addition  of  water. 

(b)  The 

from  its  ores-  in  the  via  ficca.  The  ore  roafted  with 
charcoal- duft,  in  the  way  defcribed  in  note  (w),  it  is 
true,  yields  feveral  particles  of  zinc  in  the  upper  cru- 
cible, efpecially  if  that  crucible  be  perforated  by  an 
hole,  and  covered  above  by  another,  well  luted  on ; 
but  hitherto  it  has  been  found  impracticable  to  fublime 
more  than  one  half  of  the  contents  of  the  lower  cru- 
cible. 


IN  THE  HUMID  WAT.  tfy 

(b)  The  metallic  part  of  antimony,  mine- 
ralized by  fulphur,  is  taken  up  by  aqua  regia, 
and  the  fulphur  remains  pure.  The  folution, 
mixed  with  ftrong  nitrous  acid,  on  boiling, 
depofits  a calcined  antimony,  which  being  fepa- 
rated,  the  remaining  liquor  may  be  examined 
by  phlogiflicated  alkali,  or  any  other  means. 

Sulphurated  antimony,  by  a certain  quanti- 
ty of  arfenic,  grows  red,  frequently  exhibiting 
beautiful  fafciculi  of  filaments  radiating  from  a 
center.  If  arfenic  be  prefent,  it  is  thus  difco* 
vered: — Let  the  powder  be  gently  boiled  in 
aqua  regia  until  the  fulphur  is  obtained  pure; 
the  clear  folution  contains  the  antimony  and 
arfenic,  which  are  feparated  in  the  following 
manner  : — Let  concentrated  nitrous  acid  be 
poured  on,  and  the  antimony  reduced  to  a 
white  calx  by  boiling ; let  this  be  colle&ed  on 
a filter,  and  the  liquor  that  palfes  by  evapora- 
tion yields  the  arfenic,  generally  fpoiled  of  phlo- 
gifton,  that  is,  the  arfenical  acid. 

Befides,  as  the  cauftic  alkali  takes  up  bqth 
fulphur  and  antimony,  this,  aided  by  heat,  may 
be  advantageoufly  employed,  efpecially  for  the 
reparation  of  filver,  or  other  metals,  which  do 
not  yield  to  this  menftruum;  an  hepar  is  indeed 
generated;  but  in  this  inftance  it  diffolves  little 
or  nothing, 

Cg2 
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§ xvii.  Ores  of  Manganefe. 

rIhe  newly  difcovered  femi-metal,  mangS- 
nefe,  accompanies  mod  ores  of  iron,  as  has' 
been  before  obferved  (§  hi.  c.).  It  has,  howr- 
ever,  ores  of  its  own,  in  which  it  predominates, 
though  they  are  feldom  to  be  found  ; it  has  no 
where  yet  been  obferved  native,  nor  minerali- 
zed by  fulphur,  unlefs  when  joined  with  other 
metals  in  larger  quantities  ; it  commonly  oc- 
curs calciform,  but  under  various  forms ; ge- 
nerally alone  and  black,  fometimes  mineralized 
by  aerial  acid. 

(a)  Calciform  manganefe  alone  generally  pof- 
feffes  a metallic  fplendour,  is  partly  of  an  earthy ' 
colour,  black  or  red : The  colours  are  no  doubt 
owing  to  unequal  portions,  of  phlogiflon. 

Let  thefe  ores,  reduced  to  a fubtile  powder, 
be  immerfed  in  any,  but  particularly  a mineral 
acid,  together  \vith  a fmall  piece  of  fugar.  It 
is  known  that  the  calx  of  this  metal  eludes  the 
force  of  acids,  unlefs  fomewhat  be  added  to 
fupply  the  neceffary  quantity  of  phlogiflon. 
Let  frefh  acid  be  repeatedly  poured  on  with 
fugar,  until  no  more  is  extracted  by  a digelling 
heat ; let  the  folution  colledted  be  precipitated 
by  aerated  alkali ; let  the  weight  of  the  fedi- 
rnent  be  a,  and  the  correfponding  regulus  will 

* i oca 
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What  remains  undiilolved  at  the  bottom  ei- 
ther belongs  to  the  matrix,  or  contains  hetero- 
geneous mixtures. 

(eJ  Aerated  manganefe  is  rarely  found  pure 
but  in  the  gold  mine  at  Nagyay  : When  it 
forms  the  matrix,  it  is  had  fcarcely  mixed  with 
iron ; at  leaft,  in  a folution  made  with  nitrous 
acid,  the  phlogifticated  alkali  does  not  difcover 
it.  In  general,  the  iron  is  in  larger  quantity, 
as  in  the  white  ores  of  iron ; but  thefe  ores  are 
to  be  treated  as  before  defcribed. 

In  order  to  feparate  the  iron  when  it  abounds, 
or  at  leaft  the  greateft  part  of  it,  let  nitrous  acid 
be  repeatedly  abftratted  to  ignition  from  the 
ore ; after  which  the  manganefe  pure,  or  at 
leaft  not  much  contaminated  by  iron,  may  be 
feparated  by  ftrong  concentrated  vinegar,  or  di- 
luted nitrous  acid. 

Manganefe,  precipitated  from  fuperabundant 
nitrous  acid,  by  phlogifticated  alkali,  diflolves 
totally  in  diftilled  water  ; a property  which  af- 
fords a method  of  feparating  it  from  iron. 

We  cannot  pofitively  affert  whether  manga- 
nefe, joined  to  marine  acid,  is  ever  found  in  the 
bofom  of  the  earth;  although  it  feems  probable, 
on  the  fuppofition  that  natural  waters  are  fome- 
times  found  loaded  with  falited  manganefe  (/>). 

G g 3 Thus 

(j>)  The  celebrated  P.  J.  Hjelm  difcovered  waters  of 

this 
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Thus  we  have  mentioned  the  fifteen  metals 
which  are  known  to  be  diftinft,  and  have  point- 
ed out  proceffes  by  which  the  chief  varieties  of 
their  ores  may  be  examined  in  the  humid  way  { 
The  greater  numbers  of  ways  by  which  thefe 
bodies  can  be  examined  the  better ; now  one 
jnethod  is  necefiary,  now  another.  But  I have 
no  doubt  that  multiplied  experiments  will  dif- 
cover  methods  more  numerous  and  effective 
than  thofe  propofed  in  the  foregoing  fketch. 


D1SSER. 


this  fort  about  the  lake  Vettern.— Compare  Mr  Scheele’fc 
Chemical  Preelections,  § 189.  Obf.  3. 
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and  its 


Ufe  in  the  Examination  of  Bodies , 
Particularly  Minerals. 


5 i.  bitrodudm* 

THE  tube  which,  from  the  ufes  to  which 
it  has  been  applied,  is  called  the  folder- 
ing  tube  or  blow- pipe,  is  very  ufeful  and  ne- 
ceffary  to  many  artificers ; but  our  country- 
man, the  celebrated  metallurgift  Andreas  Swab, 
was,  if  I miftake  not,  the  firft  who  applied  it  to 
the  examination  of  minerals,  and  that  about 
the  year  1738.  This  invention  was  afterwards 
much  improved  by  Meffrs  Cronftedt,  Rinman, 

Engeftroem, 
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Engeftroem,  Quift,  Gahn,  and  Scheele ; nay, 
Mr  Engeftroem  has  written  an  exprefs  treatife 
upon  its  ufes,  which  was  firft  publilhed  in  Eng- 
lish, afterwards  tranflated  into  the  Swedilh,  and, 
finally,  the  German  language.  The  experience 
of  many  years  has,  however,  fhewn  me,  that 
this  inftrument  is  fufceptible  of  further  improve- 
ment, both  as  to  conftruCtion  and  application : 
I fhall  therefore  relate  fuch  circumftances  con- 
cerning it  as  may  be  comprifed  in  a brief  de- 
fcription. 

§ ii.  Figure  of  the  Inftrument 

That  which  I ufe.  is  formed  of  pure  filver, 
left  it  fhould  be  injured  by  ruft  ; a fmall  addi- 
tion of  platina  communicates  the  neceftary  hard- 
nefs. 

It  confifts  of  three  parts,  which  may  occa- 
fionally  be  joined  : An  handle  a (tab.  2.),  ter- 
minating in  a truncated  conical  apex  a a,  which 
may  be,  by  twilling,  fo  adapted  to  the  aperture 
b,  as  to  Ihut  it  more  clofely  than  can  be  done 
by  a fcrew.  In  the  place  of  the  hollow  fphere 
which  is  commonly  ufed,  I make  ufe  of  the  lit- 
tle box  b,  formed  of  an  elliptical  plate,  fo  bend- 
ed throygh  the  centre  that  the  oppofite  fides 
become  parallel,  and  are  joined  round  by  a 
plate  equal  in  breadth  to  c c : Such  a box  col- 

lects the  mcifturs  of  the  breath  as  well  as  the 

fphere, 


and  its  use. 


473 

4 

fphere,  and  is  befides  attended  with  the  advan- 
tage of  a compreffed  figure,  and  fmaller  circum- 
ference. The  aperture  (b)  is  fomewhat  coni- 
cal, and  hollowed  out  of  the  folid  piece,  and 
has  no  margin  turned  inwards,  left  the  efflux 
of  the  fluid,  cohered  after  long  blowing,  or 
the  cleanftng  of  the  internal  parts,  fhould  be  in 
any  degree  prevented.  The  tube  (c j is  very 
final  1,  and  its  fliorter  conical  end  (e  e)  exactly 
fitted  to  the  aperture  (f),  fo  that  no  air  can 
efcape,  pnlefs  through  the  orifice  fg).  Many 
of  thefe  tubes  fhould  be  provided,  with  orifices 
of  different  diameters,  to  be  applied  on  diffe- 
rent occafions  j the  orifice  (g)  itfelf  ought  to 
be  fmooth  and  circular,  otherwife  the  cone  of 
flame,  hereafter  mentioned,  will  be  divided 
(§  in.).  The  -bands  (h  h,  i i)  -prevent  the  co- 
nical apices  (a  a,  e e)  from  being  thruft  in  too 
far,  and  alfo  ferve  another  purpofe  ; for,  when 
the  conical  apices  (a  a,  e e),  by  repeated  attri- 
tion, are  at  laft  fo  much  diminifhed  as  to  fall 
out  fpontaneoufly,  by  filing  away  a little  of  the 
bands,  they  may  again  be  made  tight.  The 
figure  reprefents  the  whole  apparatus  of  the 
proper  fize. 

' i i 

§ in.  Method  of  Blowing  through  the  Tubs. 

As  it  is  absolutely  neceffary  that  the  air  fhould 
£ow  through  the  orifice  in  a continued  ftream, 

fo 


'474 


OF  THE  BLOW- PIPE, 


fo  long  as  the  experiment  continues  to  require 
it,  this  labour  will  fatigue  the  lungs  too  much, 
unlefs  an  equable  and  uninterrupted  infpiration 
can  at  the  fame  time  be  continued.  To  fucceed 
in  this  operation  without  inconvenience,  fome 
labour  and  pra&ice  are  neceflary.  The  whole 
artifice,  however,  confifts  in  this,  that,  while 
the  air  is  infpired  through  the  noltrils,  that 
which  is  contained  in  the  mouth  be  forced  out 
through  the  tube  by  the  compreffion  of  the 
cheeks. 

To  fome  perfons  this  is  extremely  difficult ; 
but  frequent  trials  will  eftablifh  the  habit,  fo 
that  a continual  flream  of  air  can  be  fupplied 
for  a quarter  of  an  hour  and  more,  without  any 
other  inconvenience  than  the  laffitude  of  the 
lips  compreffing  the  tube. 

§ iv.  The  Proper  Kind  of  Flame . 

The  flream  of  air  above  mentioned  is  necef- 
fary  for  impelling  the  flame  upon  the  matter 
under  examination.  Too  great  a flame  does 
not  eafily  yield  to  the  blaft ; and  too  fmall  a 
one  produces  a proportionably  weak  effed.  A 
flender  candle  fhould  therefore  be  chofen  (ei- 
ther wax  or  tallow)  (d)  with  a cotton  wick 
(k  1).  The  burned  top  mull  be  cut  off  at  fuch 
a length  that  the  remainder  may  be  bent  a lit- 
tle (1  m).  The  orifice  (g)  is  to  be  held  above, 

and 
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iid  hear' ta' this  arch,  perpendicular  to  (1  m)s 

ind  the  air  equably  expreffed. 

The  flame  being  forced  to  one  fide ; byt  • 
Violence  of  the  blaft,  exhibits  two  diftind  fi- 
gures; the  internal  figure  (d  n),  conical,  blue, 
and  well  defined;  at  the  apex  of  this  (n),  the 
mod  violent  degree  of  heat  is  excited ; the  ex- 
ternal  (1  o),  brownifh,  vague,  and  undetermin- 
ed, which  is  fpoiled  of  its  phlogilton  by  the 
furrounding  atmofpheric  air,  and  occafions 
touch  lefs  heat  at  its?  extremity  (o)  than  the  in- 
terior flame  does. 


§ v.  Proper  Supports  for  the  Matter  under 
Examination . 

The  fubftances  to  be  examined  are  fupported 
by  two  different  fuftentacula,  according  to  the 
diverfity  of  the  matters  under  confederation; 
the  one  is  charcoal  of  beech  or  fir,  cut  into  the 
form  of  a parallelopiped ; the  other  a filver,  or 
(which  is  better)  a golden  fpoon,  fitted  with  a 
wooden  handle.  The  firft  of  thefe  is  generally 
iifed,  except  where  phlogilton  is  to  be  avoided, 
or  the  fubjed  under  examination  is  abforbed  by 
charcoal.  The  golden  fpoon  fliould  be  much 
lefs  than  the  figure  (e),  as  the  bulk  of  the  fup- 
port  impedes  the  proper  heat  of  the  matter  ex* 
pofed  to  examination* 
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Particles  that  are  very  fmall  and  light  are 
eahly  carried  off  by  the  blalt  of  air  ; to  prevent 
which,  a fmall  cavity  fhould  be  hollowed  out 
in  the  charcoal,  in  which,  being  partly  protec- 
ted by  another  fmaller  piece  of  charcoal,  they 
may  be  expofed  to  the  apex  of  the  flame. 

§ vi.  Proper  Fluxes. 

< *'  - 

Subftances  which  are  not  fufible  per  fe , are 
often  fufed  and  diffolved  by  means  of  falts ; I 
make  ufe  of  three  in  particular,  one  of  which 
is  acid,  another  alkaline,  and  the  third  neutral. 

i.  The  phofphoric  acid,  or  rather  the  micro- 
cofmic  fait,  as  it  is  generally  called,  which  con- 
tains that  acid  partly  faturated  with  mineral, 
partly  with  volatile  alkali,  and  loaded  befldes 
with  much  wafer,  and  a gelatinous  fat.  This 
fait,  when  expofed  to  the  flame,  boils  and  foams 
violently,  with  a continual  crackling  noife,  un- 
til the  water  and  volatile  alkali  have  flown  off; 
afterwards  it  is  lefs  agitated,  fending  forth  fome- 
what  like  black  fcoriae,  arifing  from  the  burned 
gelatinous  part ; thefe  are  foon  difpelled,  and 
exhibit  a pellucid  fphasrule,  encompaffed  by.  a 
beautiful  green  cloud,  which  is  occafioned  by 
the  deflagration  of  the  phofphorus  arifing  from 
the  extrication  of  the  acid  by  means  of  the  in- 
flammable matter. 


The 
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The  clear  globule  which  remains,  upon  the 
removal  of  the  flame,  continues  longer  foft  than 
that  formed  by  borax,  and,  therefore,  is  more 
fit  for  the  addition  of  the  matter  to  be  diffolved. 
The  volatile  alkali  is  expelled  by  the  fire;  there- 
fore, an  excefs  of  acid  arifes  in  what  remains, 
which  eafily  attracts  moifture  in  a cool  place. 

a.  The  mineral  alkali,  or  fal  fodae,  which, 
when  fufed  upon  charcoal,  melts  fuperficially, 
with  a crackling  noife,  penetrates  the  charcoal, 
and  difappears:  This,  in  the  fpoon,  yields  a 
permanent  and  tranfparent  fphaerule,  fo  long  as 
it  is  kept  fluid  by  the  blue  apex  (n);  but,  when 
the  heat  is  diminifhed,  puts  on  a milky  opacity; 
hence  it  appears  why  this  cannot  be  employed 
upon  charcoal.  This  alkali  attacks  feveral  fub- 
ftances,  particularly  filiceous  matters. 

3.  Cryftallized  borax,  expofed  to  the  flame 
upon  charcoal,  at  firfl;  becomes  opaque,  white, 
and  wonderfully  intumefcent ; it  throws  out 
branches,  and  various  protuberances  ; but, 
when  the  water  is  expelled,  it  is  eafily  collec- 
ted into  a mafs,  which,  when  well  fufed,  yields 
a colourlefs  fphaerule,  which  retains  its  tranfpa- 
rency  even  after  cooling : If  calcined  borax  be 
employed,  the  clear  fphaerule  is  more  fpeedily 
obtained.  This  fait  eonfifls  of  mineral  alkali 
partially  faturated  with  a peculiar  acid,  known 
by  the  name  of  fedative  fait ; each  of  its  prin- 
ciples 
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ciples  is  feparately  fufible,  and  each  diffolves  a 
great  number  of  other  matters. 

The  habits  of  thefe  falts,  when  expofed  to 
fire,  being  once  known,  it  will  be  eafy  to  un- 
derftand  the  differences  occafioned  by  the  diffe- 
rent additions. 

§ vii.  Circum/lances  to  be  obferved  in  the  £xa» 
mination  of  Bodies  by  the  Blow-Pipe. 

The  exterior  flame  muft  firfl;  be  directed  up- 
on the  mafs  under  examination ; and,  when  its 
efficacy  is  well  known,  then  the  interior  blue 
flame. 

Particular  care  muft  be  taken  to  obferye 
whether  the  matter  decrepitates,  fplits,  fwells, 
liquefies,  boils,  vegetates,  changes  colour, 
fmokes,  is  inflamed,  becomes  oily,  or  magne- 
tic, &c. 

The  piece  expofed  to  the  flame  fhouid  fcarce- 
ly  ever  exceed  the  bulk  of  a grain  of  oepper ; 
but  ought  never  to  be  fo  fmall  as  not  to  be 
taken  up  by  the  forceps  (i);  as,  if  it  be  too 
large,  a part  of  it  is  neceflarily  without  the  fo- 
cus, and  muft  cool  both  the  fupport  and  the 
part  immerfed  in  the  blue  apex.  The  particles 
may  be  fufficiently  comminuted  upon  the  fleel 
plate  (g)  by  the  hammer  (f),  and  are  prevent* 
. ed  from  being  difperfed  by  the  ring  (h). 
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A fmall  piece  fhouid  be  added  feparately  to 
each  of  the  fluxes,  concerning  which  it  muft  be 
obferved,  whether  it  diflolves  wholly,  or  in  part 
only  ; whether  this  be  effected  with  or  without 
effervefcence;  quickly  or  flowly;  whether  the 
niafs  be  divided  into  a powder,  or  gradually 
and  externally  corroded  ; what  colour  the  giafs 
is  tinged ; whether  it  be  opaque  or  pellucid. 

Thefe  general  principles  fhall  now  be  applied 
to  exemplify  the  mineralogical  and  chemical 
ufe  of  the  blow-pipe. 

§ vili.  Four  Clajfes  of  Fojfils. 

Unorganized  bodies  are  generally  diftributed 
into  four  claffes  ; faline,  earthy,  inflammable, 
and  metallic. 

The  falts  are  diftinguifhed  by  folubiiity  and 
fapor  : But  thefe  properties  differ  in  many  ways 
-as  to  degree,  and  in  fad  form  a continued  fe- 
ries  with  the  earths ; fo  that  the  links  in  the 
chain  of  nature  can  fcarcely  be  diftinguifhed, 
unlefs  artificial  limits  be  inftituted. 

Many  of  thefe,  when  expofed  to  the  flame, 
eafily  liquefy,  or  are  diflolved  by  the  water  of 
cryftallization  growing  hot;  but,  when  this  is 
expelled,  fplit,  and,  by  a more  intenfe  heat,  are 
really  fufed:  Others  are  deprived  of  their  Water 
without  any  motion,  and  are  only  once  fufible : 
Some  fly  off  by  the  heat. 


Earths 


OF  THE  BLOW-PIPE, 


480 

. Earths  I call  fuch  fubftances  as  are  fixed  in 
the  fire,  not  fapid,  nor,  though  reduced  to  the 
moft  fubtile  powder,  foluble  in  1,000  times 
their  weight  of  boiling  water.  Some  of  thefe, 
either  by  having  their  furfaces  .increafed  by  a 
previous  chemical  divifion,  and  their  furface  of 
contact  thereby  increafed,  or  by  the  afliftance 
of  an  excefs  of  aerial  acid,  or  by  expofure  to 
intenfe  heat  in  clofs  veflels,  actually  are  diffol- 
ved  in  water;  thefe  I call  faline  earths  : But  the 
reft,  which  can,  by  no  artifice  hitherto  known,  * 
be  made  to  enter  water,  deferve  the  name  of 
earths  fimply,  and  i%oy^v.  Examined  by  the 
blow-pipe  per  fe , they  are  found  either  refra&o- 
ry  or  fufible ; and  very  few  of  them  alone  ex- 
hibit a tranfparent  glafs.  They  are  diffolved 
by  the  above  mentioned  fluxes,  . or  at  leaft  by 
one  of  them ; befides,  they  neither  burn  nor 
fmoke. 

Moft  of  the  inflammable  fubftances  burn, 
fmoke,  and  yield  coals  loaded  with  an  oily  mat- 
ter. Sulphureous  bodies  burn  without  any  re- 
fiduum  ; but  fome  of  thefe  are  only  manifefted 
by  volatility. 

The  metals,  excepting  a few,  are  fufible; 
the  ignoble  metals  are  calcined,  and  colour  the 
fluxes. 


§ 
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§ ix.  Different  Species  of  Salts. 

The  falts,  whether  natural  or  factitious,  are 
very  eafily  examined  by  the  blow-pipe.  Some 
of  thefe  are  properly  called  falts,  confiding  en- 
tirely of  a foluble  matter ; fuch  are  acids,  alka- 
lis, and  the  neutrals  compofed  of  thefe;  but  the 
others,  containing  a bafe  not  foluble  per  fe , ei- 
ther earthy  or  metallic,  (which  is  not  foluble  in 
water,  unlefs  when  united  with  a genuine  fait), 
may  be  called  middle  or  analogical  falts. 

§ x.  Acids . 

The  acids  which  are  always  fluid  I pafs  over, 
as  they  elude  the  flame,  and  Ihall  here  only  ex- 
amine the  concrete  falts. 

The  acid  of  arfenic  mud  be  carefully  didin- 
guiihed  from  white  arfenic,  which  contains  this 
acid  indeed,  but  unites  with  fo  much  phlogif- 
ton,  that  it  is  coagulated  (a)  into  a fort  of  ful- 
phur.  This  acid,  deprived  of  water,  exhibits  a 
dry  rnafs ; and,  expofed  in  this  date  to  flame 
upon  charcoal,  receives  from  thence  fo  much 
phlogidon,  as  to  regenerate  white  arfenic,  and 
diffufe  a garlic  odour.  In  the  fpoon  it  fufes, 
and  does  not  fmoke,  unlefs  by  the  acquisition 
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of  phlogiflon,  either  from  the  flame  or  the  me- 
tallic fupport. 

The  acid,  which  exifts  molybdsena  (£),  feems 
to  be  the  radix  of  fome  metal ; it  is  of  a fpecific 
gravity  3,461  ; pofiefles  the  property  of  tinging 
fluxes,  and  decompofing  phlogifticated  alkali. — 
Is  this  the  acid  of  tin  ? 

This  acid,  expofed  to  the  flame  upon  char- 
coal, is  abforbed  ; in  the  fpoon  it  emits  a white 
fmoke,  which,  upon  contact  of  the  interior 
cone,  grows  of  a beautiful  blue;  but,  expofed 
to  the  exterior  cone,  again  grows  white : It 
tinges  microcofmic  fait  of  an  elegant  green ; 
borax,  with  a fmall  quantity  of  it,  exhibits  an 
alhen  colour  by  reflection,  but  by  refradion  a 
dark  violet.  No  other  acid  tinges  the  fluxes. 

The  acid  of  borax,  commonly  called  fedative 
fait,  eafily  liquefies,  and  in  the  fame  manner, 
but  with  far  lefs  intumefcence  than  borax:  It 
remains  fixed  in  a pellucid  globule  (§  vi.). 

The  acid  of  tartar  is  not  to  be  confounded 
with  cream  of  tartar,  which  is  partly  faturated 
by  the  vegetable  alkali  (c) : This  liquefies  upon 
the  firfl:  contad  of  the  exterior  flame ; foon  is 
inflated,  foams,  grows  black,  and  fends  forth  a 
fmoke  and  blue  flame,  leaving  a fpongy  coal, 
which  foon  leaves  white  allies  of  a calcareous 

nature. 


( b ) Mr  Scheclc,  Aft.  Stockholm,  1 77^* 
(«:)  Aft.  Stockholm,  1770. 
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nature.  In  order  to  obferve  thefe  changes  di- 
ftin&ly,  the  combuftion  muff:  be  occafioned 
flowly  by  the  weakeft  part  of  the  flame. 

Cryftallized  acid  of  fugar  is,  by  the  exterior 
flame,  firfh  made  of  an  opaque  white,  then  flows, 
and  finally,  foon  flies  off,  without  leaving  any 
refiduum. 

The  acid  of  phofphorus  occurs  in  all  the  na- 
tural kingdoms  ; when  dried,  it  is  eafily  fufed, 
and  aflumes  the  form  of  a pellucid  globule, 
which  yet  attracts  the  moifture  of  the  atmof- 
phere. 


§ xi.  Alkalis. 

The  cryftallized  vegetable  alkali  firft  becomes 
opaque,  and  decrepitates  long  and  violently, 
then  melts  into  a globule  which  perfifts  in  the 
fpoon,  but  expands  on  the  charcoal,  and  is  ab- 
forbed  with  a crackling  noife. 

The  mineral  alkali  has  the  fame  properties  as 
the  fal  fodse  defcribed  in  § vi. 

The  volatile  alkali  liquefies  a little,  and  is 
diflipated. 

4 

\ 

§ xii.  Neutral  Salts. 

Several  of  the  neutral  falts  flow  twice,  but, 
according  to  their  different  natures,  exhibit  dif- 
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ferent  phaenomena  j which  a few  examples  will 
fufficiently  illuftrate. 

The  Decrepitating  Salts. 

Thefe  are  broken  and  difperfed  by  fudden 
heat.  Of  this  fort  are  vitriolated  vegetable  and 
volatile  alkali,  falited  vegetable  and  mineral  al- 
kali. 


Volatile  Salts , 

Which  have  a bafe  totally  volatile,  and  ge- 
nerally fly  off  j vitriolated,  nitrated,  and  falited 
volatile  alkali. 

Genuine  fait  of  amber  by  the  exterior  flame 
on  the  charcoal  liquefies  and  fmokes  ; by  the 
interior  takes  fire,  and  in  burning  difappears 
with  a blue  flame.  In  the  fpoon  the  fame  hap- 
pens, except  when  the  fait  abounds  with  oil, 
which  almoft  always  happens  : In  this  cafe  fome 
coally  veftiges  remain.  The  fpurious  fait  of 
amber  differs  according  to  the  frauds  ufed  in 
its  preparation : It  generally  in  the  beginning 
fwells,  fmokes,  and  grows  black,  then  white ; 
and,  finally,  melts  into  a fixed  white  mafs. 


Detonating 
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Detonating  Salts. 

Thefe  falts,  which  always  abound  with  nitrous 
acid,  liquefy  in  the  fpoon,  and  perfift  even  on 
the  charcoal,  unlefs  it  takes  fire  5 for,  when  ig- 
nited, they  immediately  take  fire  on  the  contaft 
of  phlogifton,  fending  forth  a violent  flame, 
with  a detonating  noife.  During  this  operation 
the  acid  is  diflipated,  and  the  bafis,  if  fixed,  re- 
mains alone.  If  the  bafe  be  volatile,  fcarcely 
any  detonation  is  excited,  for  the  fait  flies  to- 
tally off. 

Nitrated  vegetable  alkali  fhews  a blue  flame, 
but  the  nitrated  mineral  and  volatile  alkali  a 
yellow  ore. 


Carbonaceous  Salts. 

Thefe,  by  the  combuftion  of  their  acid,  yield 
fpongy  coals,  which,  when  ignited,  foon  grow 
white,  leaving  behind  the  alkaline  bafe ; fuch 
are  acid  of  tartar,  crude  tartar,  fal  acetofellse, 
and  tartarized  vegetable  and  mineral  alkali. 

Hepatifcent  Salts. 

Thefe  expofed  to  the  flame  on  the  charcoal, 
flow,  and  yield  a yellow  or  red  mafs,  which 
diffufes  an  hepatic  fmell,  efpecially  when  moifi. 
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tened  by  any  acid.  To  this  clafs  belong  all 
thole  fixed  in  the  fire,  containing  vitriolic  acid, 
which,  when  faturated  with  the  phlogillon  of 
the  charcoal,  generate  fulphur ; thefe  are  vitrio- 
lated  vegetable  and  mineral  alkali. 

§ xm.  Middle  Earthy  Salts. 

Of  the  middle  earthy  falts  few  'flow  fo  per- 
fectly as  to  be  reduced  to  a globule,  nor  do  they 
all  fufe  actually,  though  the  water  of  cryftalli- 
zation  in  its  departure  excites  a foam.  Thofe 
which  contain  vitriolic  acid  effervefce  violently 
with  borax  and  microcofmic  fait,  but  are  diffi- 
cultly diffolved  by  fal  fodae. 

9 

\ , 

Decrepitating  Salts. 

Gypfum  fpathofum. 

Intumefcent  Salts. 

Vitriolated  magnefia  fwells,  foams,  and,  when 
repeatedly  expofed  to  the  flame,  may  be  fufed. 

Alum  is  fomewhat  'different ; for,  finally,  all 
ebullition  ceafes,  and  the  mafs  remains  iinmove- 
ably  at  reff,  and  it  undergoes  no  other  change 
than  to  fplit : When  hot,  it  is  variegated  with 

blue  fpots. 

* > 


Acetated 
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Acetated  lime  fwells  much  like  alum,  but 
fcarcely  adheres  to  the  charcoal. 

Nitrated  magnefia  fwells  with  a crackling 
noife,  but  without  any  detonation. 

Salited  magnefia,  in  a dry  (late,  belongs  to 
this  clafs. 


Fufible  Salts. 

Although  gypfum  eluded  the  force  of  fire  in 
Pott’s  furnace,  yet  it  may  be  fufed  in  a mo- 
ment, if  a fe£tion  of  the  lamella  be  expofed  to 
the  blue  flame : Though  naturally  pellucid,  it 
inftantly  acquires  an  opacity : — The  water  goes 
off  without  ebullition., 

/ 

Carbonaceous  Salts. 

Tartarized  lime  and  magnefia ; nay,  all  the 
earths  united  with  acid  of  tartar. 

Soluble  in  Borax  and  Microcofmic  Salty  with  Ef- 
fervefcence. 

Lime,  magnefia,  vitriolated  clay,  and  aceta- 
ted lime. 


§ xiv. 
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§ xiv.  Middle  Metallic  Salts. 

Some  of  the  middle  metallic  falts,  either  con- 
taining  a large  quantity  of  water,  or  retaining 
pertinacioufly  the  acid,  flow  in  the  fire,  others 
only  foam  : Mod  of  them  recover,  at  leaf):  part- 
ly, their  metallic  appearance,  efpecially  when 
they  touch  the  coal,  leaving  at  the  fame  time  a 
fhapelefs  fcoria.  By  the  addition  of  borax  the 
fcoriae  are  diflfolved  and  the  regulus  better  col- 
lected ; but  here  we  confider  the  falts  alone : 
The  fluxes  are  tinged  in  the  fame  way  as  by  the 
metallic  calxes,  § xxn.  xxxv. 

Decrepitating  Metallic  Salts. 

Nitrated  lead,  tartarized  antimony. 

Volatile  Metallic  Salts. 

* 1 

To  this  belong  the  falts  whofe  bafe  is  mer- 
cury, as  they  are  diflipated  by  fire;  thofe  which 
contain  marine  acid  in  general  fly  off  more 
quickly  than  thofe  which  are  loaded  by  any 
other  menflruum. 

Detonating  Metallic  Salts. 

Silver,  mercury,  lead,  and  bifmuth,  united 
with  nitrous  acid. 

Intu- 
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intumejcent  Metallic  Salts. 

At  the  firft  approach  of  fire  they  fwell  with 
noife,  and  a certain  ebullition,  but  then  remain 
immoveable ; vitriolated  and  nitrated  copper, 
iron  and  cobalt  vitriolated,  vitriolated  and  ni- 
trated zinc. 

Fufiblc  Metallic  Salts. 

Thefe  are,  by  the  exterior  flame,  eafily  redu- 
ced to  globules.  By  this  method  filver  and 
lead  falited  in  the  fpoon  put  on  the  horny  ap- 
pearance j but  by  a long  violent  fufion  they 
again  put  it  off,  the  acid  being  too  much  dimi- 
nifhed  : Hence  it  appears  with  what  caution 
thefe  metals  are  to  be  made  horny  in  the  cru- 
cible. 

Silver  and  lead  vitriolated ; copper  and  zinc 
falited. 

Carbonaceous  Metallic  Salt . 

Tartarized  antimony. 

: s . , \ 

Metallic  Salts  tinging  the  Flame. 

Vitriolated  copper,  and  alfo  nitrated  copper, 
produce  a greennefsj  but  falited  copper  ads 

with 
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with  far  more  efficacy.  The  green  cryftals  of 
this  firft  grow  red  by  the  exterior  flame ; they 
foon  liquefy,  and  grow  black  $ they  make  the 
flame  at  firft  of  a deep  blue,  which  afterwards 
verges  to  a green.  The  flame  thus  tinged  ex- 
pands much,  and  remains  fo  until  the  whole 
mafs  of  the  fait  is  diffipated  : This  green  fait, 
added  to  microcofmic  fait  in  fufion,  immediate- 
ly fliews  a beautiful  flame;  the  clear  globule  is 
tinged  green,  and  does  not  grow  opaque  or 
brown,  unlefs  a large  quantity  of  the  microcof- 
mic fait  be  added ; a circumftance  which  takes 
place  much  fooner  upon  the  addition  of  a fmal- 
ler  quantity  of  borax. 

> \:A  3;  ..  • ; j ; j 

§ xv.  Different  Species  of  Earths . 

% ' ' 

Earths  are  in  general  either  Ample  (which  I 
call  primative')  and  incapable  of  decompofldon 
or  mutual  tranfmutation  by  any  means  hitherto 
known — of  thefe  five  only  have  been  as  yet  dif- 
covered — whether  a fixth  exifts  in  the  diamond 
we  are  ignorant. 

Thofe  are  called  derivative  which  arife  from 
a mixture  of  two  or  more  of  the  primatives. 
Many  of  thofe  which  Mr  Cronfledt  thought  to 
be  fimple,  I have  difcovered,  by  the  humid  ana- 
lyfis  properly  conducted,  to  be  compound  ; this 
is  not  to  be  objefred  to  that  great  mineralogift, 

as 


as  the  chemical  art  at  his  time  had  not  invefti* 
gated  the  treafures  of  the  mineral  kingdom. 

§ xvi.  Habitudes  of  the  Primitive  Earths . 

Lime . 

This  (which  by  itfelf  is  infufible)  by  a fuffi- 
cient  degree  of  heat  lofes  its  property  of  effer- 
vefcing  in  acids;  it  acquires  folubility  in  water, 
the  power  of  generating  heat  with  it,  and  of 
fuffering  fpontaneous  calcination.  Thefe  laft 
properties,  however,  it  lofes,  if  too  much  urged 
by  heat.  The  heat  it  generates  with  water  may 
eafily  be  tried  by  a drop  of  water  on  the  back 
of  the  hand,  with  the  addition  of  a fmall  piece 
of  lime  juft  cooled  after  burning. 

Crude  calcareous  earth  effervefces  a little 
with  mineral  alkali,  and  is  divided  into  fmall 
particles  but  fparingly  diffolved ; when  over- 
burned, it  feems  not  to  be  divided  or  diminiih- 
ed. 

In  borax,  the  former  diflolves  with  effervef- 
cence,  the  latter  fcarcely  generates  any  bubbles. 

In  microcofmic  fait  the  fame  phaenomena 
appear  ; but  the  effervefcence  is  fomewhat  great- 
er. 

It  is  alfo  obfervable,  that  a very  fmall  piece 
of  calcareous  earth  is  eafily  diffolved  in  borax 
and  microcofmic  fait,  yielding  fphaerules  alto- 
gether 
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gether  pellucid  j but,  if  more  earth  be  gradually- 
added,  the  flux,  at  length  faturated,  retains  the 
diflolved  matter,  indeed,  while  in  perfect  fufion; 
but,  on  removing  the  flame,  the  part  which  was 
taken  up  by  means  of  the  heat  alone,  feparates ; 
from  hence  clouds  arife  at  firft,  and  the  whole 
globule  becomes  opaque,  and  recovers  its  tranf- 
parency  again  by  fufion.  This  is  entirely  cor- 
refpondent  to  what  happens  in  the  humid  way : 
For  warm  water,  faturated  with  nitre,  or  Glau- 
ber’s fait,  upon  cooling,  is  obliged  to  depofit 
that  part  which  it  had  taken  up  in  virtue  of  its 
warmth.  If  the  fufed  pellucid  globule  (which 
would  grow  opaque  upon  cooling)  be  quickly 
plunged  into  melting  tallow,  water,  or  other 
fubftance,  hot,  (for  cold  generally  cracks  it),  fo 
as  to  grow  fuddenly  hard,  it  retains  its  tranfpa- 
rency,  the  particles  being  as  it  were  fixed  in  that 
ftate  which  is  necefiary  to  tranfparency.  This 
is  a phaenomenon  highly  worthy  of  obfervation, 
which  cannot  be  feen  in  the  crucible. 

Terra  Ponderofa . 

Terra  ponderofa,  expofed  alone  to  the  flame, 
becomes,  like  calcareous  earth,  cauftic,  foluble 
in  water,  and  non-effervefeent  in  acids. 

In  lal  fodas  it  effervefees  only  a little,  but  is 
fenfibly  diminifhed. 


In 
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In  borax  it  diffolves  with  flight  efFervefcence : 

As  alfo  in  microcofmic  fait ; but  here  it  ef- 
fervefces  fomewhat  more  violently. 

The  phaenomena  obferved  on  faturation  with 
calcareous  earth,  have  place  here  alfo. 

Magnefia,  ignited  alone,  lofes  its  aerial  acid, 
together  with  the  property  of  effervefcing  in 
acids. 

In  fal  fodae  it  effervefces  a little,  but  is  fcarce- 
ly  dimini/hed. 

In  borax  it  dilfolves  with  a flight  effervef- 
cence : 

As  alfo  in  microcofmic  fait,  but  with  a more 
violent  motion. 


Clay . 

Common  argillaceous  earth  abounds  with 
heterogeneous  particles,  and  always  contains  a 
confiderable  quantity  of  filiceous  earth,  at  leaft, 
which  generally  amounts  to  half ; hence,  when 
clay  is  required  pure,  as  in  this  inflance,  the 
earth  of  alum,  digefted  in  an  alkaline  lixivium, 
and  well  wafhed,  mull  be  employed. 

Expofed  to  the  flame  it  grows  hard,  contratts 
its  bulk,  but  does  not  fufe. 

In  fal  fodas  it  effervefces  a little,  but  is  fpa- 
ringly  diffolved. 

In  borax  it  diffolves  with  remarkable  effer- 
Vefcence. 


In 
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In  microcofmic  fait  a Hill  more  violent  ebul- 
lition takes  place. 

Siliceous  Earth, 

Alone  it  is  not  fufed. 

Sal  fodae  diffolves  it  with  violent  effervef- 
cence ; and,  if  the  filiceous  earth  diffolved  ex- 
ceeds the  weight  of  the  flux,  it  yields  a pellucid 
glafs.  This,  and  all  the  other  operations  with 
fal  fodae,  mull  be  performed  in  the  fpoon. 

In  borax  it  diffolves  flowly,  without  any  ebul- 
lition. 

In  microcofmic  fait  very  flowly,  and  without 
cffervefcence. 

§ xvn.  Derivative  Earths. 

To  avoid  confufion  from  multiplicity,  we 
fhall  colled  thefe  into  claffes,  according  to  their 
molt  remarkable  habits. 

Decrepitating . 

\ 

Spathous  mineral  fluor. 

Lapis  ponderofus  ( [d ). 

Calcareous 

(d)  This  is  the  name  given  by  Mr  Cronftcdt  (f  209.) 
to  a foffile,  which  he  enumerates  among  the  ores  of  , 

, iron,  . 
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Calcareous  fpar.  Spathum  pcnderofum. 

The  decrepitation  may  be  performed  without 
fcattering,  in  a glafs  tube  clofed  by  the  finger, 
and  held  over  the  flame. 


Infufible. 


Diamond.  Pure  Afbeftos  *.  Refradtory 
clay  Hyacinth.  Hydrophanous  filiceous 
jafper. 

Lapis  ponderofus. 

Pure  mica  *. 

Quartz. 

Ruby. 

Sapphire.  Flint.  Steatite  *. 

Topaz. 

Thofe  four  marked  with  a * are  indurated  by 
fire. 


iron,  and  which  poflefles  a peculiar  fpecific  gravity.  I 
have  attempted  the  analyfis  of  this  mineral,  and  have 
difcovered  in  it  lime  united  to  a fpecies  of  acid  hither- 
to unknown  ; this  acid,  if  I miftake  not,  is  the  ra,dix  of 
fome  metal.  There  is  alfo  prefent  a portion  of  iron, 
which  is,  indeed,  but  feldom  wanting  in  minerals.  The 
fpecific  gravity  of  this  acid,  and  its  habitudes  with  flux- 
es, and  phlogifticated  alkali,  indicate  its  metallic  na- 
ture; but  we  fhall  elfewhere  treat  of  this  matter  more 
at  large. 
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Infufible , Changing  Colour. 

Bolar  earths  generally  grow  black— lime, 
mixed  with  aerated  magnefia,  black ; lime,  blac- 
kened by  fubtle  bitumen,  white. 

Of  the  gems  fome  change  or  lofe  colour ; 
thefe  are,  the  cryfolith,  topaz,  and  fometimes 
the  fapphire. 

The  red  and  green  jafper  acquire  a whitiffi 
©r  gray  colour. 

Green,  black,  and  red  fteatite  grow  white. 


Fufible  without  Ebullition. 


Martial  afbeftos.  Augites  (aqua  marina  *). 
Bafaltes. 

Chryfolith  *.  • 

Mineral  Fluor. 

Granite. 

Marga. 

Petrofilex. 

Emerald  *. 

Spathum  ponderofum,  (this  corrodes  the 
charcoal,  and  acquires  an  hepatic  tafte). 
Spathum  pyromachuin. 


Trapp. 

The  earths  marked  with  a * do  not,  but  with 

great  difficulty,  fhew  any  figns  of  fufion. 

° j Fufible 


Fufible  with  Ebullition . 


Lithomarga. 

Schoerl  (<?). 

Turmalin.  The  inflated  fcoria  quickly  grows 
white,  though  the  ftone  is  brown. 

Zeolith. 

fufible  altogether  in  Sal  Soda,  and  with  Effer - 
> njefcence. 

Achates. 

Chalcedony.  Cornelian.  Cos  Turcica  *. 
Mineral  fluor 
Onyx.  Opal. 

Quartz. 

Common  flint.  Spathum  ponderofum, 

Thofe  marked  * effervefce  but  little. 

Divifble  with  or  without  Effervefcence  in  Sal 
Soda,  but  not  entirely  Soluble . 

Amianthus.  Afbeftos. 

Bafaltes. 

Vol.  II.  I i Chryfolith 

( e ) * u^e  t^ie  names  fchoerl  and  trappy  which  are  now 
known  all  through  Europe.  By  bafaltes  I underftand 
larger  prifms,  which  compofe  the  Giant’s  Caufeway, 
Staffa,  and  other  columnar  mountains. 
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Chryfolith  * (/). 

Garnet  *. 

Hornblende. 

1 

Jafper. 

Lapis  ponderofus.  Lithomarga. 

Mica.  Matrix  of  the  alum  of  Tolfa. 
Petroiilex. 

Aluminous  fchift.  Tegular  fchift  of  Helfing. 
Emerald.  Spathum  pyromachum.  Steatites. 
Talc.  Trapp.  Trippel.  Turmalin. 

Notfujible  or  divifible  by  Sal  Soda. 

Diamond. 

Hyacinth. 

Ruby. 

Sapphire. 

Topaz. 

Soluble  in  Borax , without  Effervefcence . 
Mineral  fluor  *■. 

Marga.  Mica  *.  Ore  of  Tolfa. 

Aluminous  fchift.  I egular  fchift  of  Hel- 
fing *. 

Spathum  ponderofum.  Schoerl. 

Talc. 

t 

(/)  The  yellowifh  cryftalline  matter  which  fills  up 
;he  interftices  of  the  native  Siberian  iron,  exhibits  the 
fame  properties  with  refpedt  to  fire  as  the  chryfolith. 
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Talc.  Turmalin. 

Thofe  marked  * eftervefce  but  little. 

Soluble  in  Borax , with  more  or  lefs  EfferveJcence . 

t 

Achates.  Diamond.  Amianthus.  Afbef- 
tos, 

Bafaltes. 

Chalcedony.  Cornelian.  Chryfolith.  Cos 
turcica. 

Garnet. 

Hyacinth.  Hydrophanous  filiceous  jafper. 

Lapis  ponderofus.  (lhe  flux  grows  hardly 
blue  j on  too  much  cooling  it  becomes  white 
and  opaque). 

Lithomarga. 

Onyx.  Opal. 

Petrofilex. 

\ V 

# 

Ruby. 

Sapphire.  Common  flint  *.  Emerald.  Stea- 
tite. Spathum  pyromachum. 

Trapp.  Trippel.  Topaz  *. 

Zeolith.  ' 

Thofe  marked  * require  a greater  quantity  of 
flux,  and  longer  heat,  than  the  reft. 


Ii  2 


Soluble 


Soluble  in  Microeofmic  Salt,  with  more  or  left 
Effervefcence. 


Bafaltes  *. 

Cos  turcica. 

Mineral  fluor  *. 

Lapis  ponderofus. — It  effervefces  at  fird,  then 
fcarcely  diflolves : The  flux  acquires  a fine  blue 
tinge,  without  any  mixture  of  rednefs.  The 
colour  is  difcharged  by  the  exterior  flame,  or 
by  a fmall  quantity  of  nitre,  but  is  reflored  by 
the  interior  flame  ; if  the  proportion  of  earth  be 
large,  it  acquires  a pellucid  brown  colour  not 
difchargeable  either  by  nitre  or  the  flame  j if 
ftill  larger,  it  grows  black  and  opaque. 

Marga.  Mica  *.  Aluminous  ore  of  Tolfa. 

Aluminous  fchift.  Tegular  fchifl  of  Hel* 
fing  *.  Schoerl.  Spathuin  ponderofum. 

Turmalin  *. 

Thofe  marked  * effervefce  but  little. 

Soluble  in  Microeofmic  Salt,  without  Effervefcence . 

Agate.  Diamond.  Amianthus.  Afbeftos. 

Chalcedony  *.  Cornelian  *.  Cryfolith  *. 

Granite. 

Hornblende.  Hyacinth.  Hydrophanous  fi- 
liceous  jafper  *. 

Lithomarga. 

Onyx, 
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Onyx  *.  Opal  #. 

Petrofilex. 

* 

Ruby. 

Sapphire.  Common  flint.  Emerald.  Stea* 
tites. 

Spathum  pyromachum. 

Talc.  Topaz.  Trapp.  Trippei. 

Zeolith. 

Thofe  marked  # are  more  difficultly  difiolved 
than  the  reft,  and  fcarce  fenfibly. 

In  general  it  is  to  be  obferved,  iff,  That, 
when  the  effervefcence  is  to  be  examined,  only 
a very  fmall  piece  of  the  matter  is  to  be  added 
to  the  flux,  as  the  moft  fubtile  powder  contains 
air,  which,  being  expelled  by  the  heat,  forms 
the  appearance  of  effervefcence.  2d,  That  the 
folution  is  often  accelerated  by  lime,  fpathum 
ponderofum,  gypfum,  and  other  additaments, 
both  in  borax  and  microcofmic  fait.  3d,  That 
gypfum  alone  is  fometimes  an  excellent  and 
very  ufeful  flux.  This  fait,  with  an  equal  por- 
tion of  fluOr  mineral,  is  eaiily  reduced  to  a pel- 
lucid globule,  which  yet,  upon  cooling,  grows 
white  and  opaque.  The  fpathum  ponderofum 
alfo  unites  with  mineral  fluor,  but  the  mafs  does 
not  become  pellucid. 

li  J § xvii  U 


1 


I 


OF  THE  BLOW-PIPE, 


'5®* 


§ xviii.  Different  Species  of  Inflammable  Sub • 

fiances. 

The  whole  theory  of  inflammation  depends 
upon  that  fubtile  principle  which  goes  by  the 
name  of  phlogifton  ; but  this,  fo  far  as  is  yet 
known,  can  never  be  colle&ed  pure  and  alone, 
but  always  requires  a fuitable  bafe,  to  which  it 
muff  be  ctinnedted,  in  order  to  become  manage- 
able. Scarce  any  body  exifts  entirely  deflitute 
of  it,  but  a certain  accumulation  of  it  is  necef- 
fary  fo!1  deflagration ; this  accumulation  takes 
place  in  fpirit  of  wine,  in  oils,  in  fulphur,  in 
zinc,  arfenic,  and  perhaps  in  tin.  It  is  alfo  ne- 
ceflary  that  its  conne&ion  {hall  be  fo  loofe  that 
the  circumambient  pure  air  may  diflolve  the  u- 
nion. 

The  dry  inflammable  fubftances,  which  alone 
are  here  to  be  confidered,  are  of  two  kinds,  viz. 
either  coagulated  and  indurated  oils,  which  are 
commonly  called  bitumens,  or  an  acid  faturated 
with  phlogifton,  fuch  as  fulphur.  Some  of  the 
bitumens  are  pure,  fuch  as  afphaltus,  amber- 
gris, and  amber ; others  refiding  in  a copious 
earthy  bafe ; Hence  we  have  mountain  pitch, 
bituminous  fchifts,  and  lithanthraces. 

Vitriolic  fulphur  is  feldom  found  alone:  It 

readily  unites  with  other  matters,  efpecially 
metals  j and  hence  refuft  mineralizations,  which 

belong 
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belong  the  more  exprefsly  to  metals,  as  it  is 
certain  that  they  are  very  feldom  inflammable, 

§ xix.  Habitudes  of  Inflammable  Sub/lances  in 

the  Fire ; 

Mod  of  the  inflammable  fubftances,  when 
expofed  to  the  apex  of  the  flame,  begin  to  li- 
quefy, unlefs  entangled  in  much  earth,  which 
yet  does  not  always  prevent  their  inflammation: 
When  they  are  once  inflamed,  let  the  blaft  be 
flopped  until  they  have  burned  away;  either 
alone  or  with  a flux;  and- the  refiduum,  if  any, 
be  examined  afterwards  by  the  flame. 

Ambergris  burns  with  a white  odoriferous 
and  fmoky  flame ; when  very  pure,  it  is  totally 
confumed  by  degrees,  but,  when  impure,  it  is 
extinguifhed,  leaving  behind  a black  mafs; 
which  foon  grows  white  by  ignition,  and  con- 
fifts  partly  of  a calcareous  powder. 

Traniparent  amber  exhibits  almoft  the  fame 
habits ; but  by  heat  in  the  fpoon  it  vanifhes  to- 
tally ; fo  that  this  way  we  can  hardly  form  any 
judgment  concerning  a refiduum,  which  yet  is 
eafily  obtained  from  opaque  amber. 

Pure  afphaltus  burns  with  a fmoke,  and  is  to- 
tally confumed,  without  any  refiduum. 

Mountain  pitch  leaves  black  fcoriss,  fhining 
and  brittle. 

Bituminous 
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Bituminous  fchift  and  lithanthraces,  befides 
their  matrix,  leave  an  oily  coal,  or  even  fpongy 
fcorise,  if  the  refiduum  liquefies  at  all. 

Common  fulphur  readily  fufes  alone,  and 
grows  red  ; it  takes  fire,  and  is  confirmed  with 
a.  blue  flame,  and  a mod  penetrating  fuffbea- 
ting odour. 

Molybdsena  contains  a portion  of  common 
fulphur  united  to  a peculiar  (g)  acid.  This 
does  not  take  fire,  and  upon  the  charcoal  fuf- 
fers  little  change ; but,  expofed  to  the  flame  in 
the  fpoon,  it  depofits  a white  fmoke  in  the  di- 
rection of  the  blaft ; this  fmoke,  by  the  contact 
of  the  interior  cone,  grows  blue,  but  lefes  its 
colour  by  the  exterior  cone : It  is  fcarcely 
changed  by  borax  and  microcofmic  fait,  but  dif- 
folves  in  fal  fodse  with  violent  effervefcence ; on 
fufion  it  grows  red  and  tranfparent;  on  cooling, 
dilutely  red  and  opaque,  and  has  an  hepatic 
fmell. 

Plumbago,  another  fpecies  of  fulphur,  con- 
tains aerial  acid  loaded  with  phlogifton  ( h ) ; 
on  burning  it  fmokes,  but  the  fmoke  is  only 
feen  at  the  inffant  the  flame  ceafes.  It  differs 
from  molybdsena  in  this,  that  it  depofits  no- 
white powder,  and  particularly  in  not  being 
taken  up  by  fal  fodae;  it  is  not  changed  by  bo- 
rax or  microcofmic  fait. 

The 

(</)  Mr  Sclicele,  Atf.  Stockholm.  1777. 

Ibid. 
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The  ores  which  are  called  inflammable,  take 
fire  difficultly  ; fome  of  them  are  fcarcely  chan- 
ged ; others  are  eonfumed,  or  fly  off,  leaving 
the  metallic  calx  behind. 

In  general  the  fluxes  are  tinged  by  phlogif- 
ton  ; but,  unlefs  this  volatile  principle  be  fixed 
by  fome  metallic  calx,  the  tinge  is  eafily  de- 
ftroyed  by  burning. 

§ xx.  Different  Forms  lender  which  Metals 

appear . 

The  metals  are  diftinguifhable  from  all  other 
fubftances  by  their  peculiar  fplendour  and  fu- 
perior  fpecific  gravity  : They  occur  in  the  bo- 
fom  of  the  earth  in  three  different  ftates,  either 
altogether  in  a metallic  form,  in  which  cafe 
they  are  called  native ; or  Amply  deprived  of 
phlogifton,  and  refembling  earths,  when  they 
are  denominated  calcifor?n  ; or,  finally,  diffolved 
by  fulphur  or  acids,  on  which  occafion  they 
take  the  appellation  of  minerali-zed.  Each  of 
thefe  forms  fhall  be  feparately  confidered. 

§ xxr.  Various  Habits  of  Metals  in  the  Fire . 

The  metals  expofed  to  the  flame  do  not  all 
fliew  the  fame  habits. 

The  perfect  metals  do  not,  even  in  the  moft 
intenfe  heat,  lofe  a fenfible  quantity  of  their 

phlogifton  $ 
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phlogifton  ; and,  when  calcined  in  the  humid 
way,  recover  their  former  nature  fimply  by  fu- 
fion. 

The  imperfect  metals  are  calcined  by  fire, 
efpecially  by  the  exterior  flame,  and  then,  in 
order  to  being  reduced,  indifpenfably  require 
the  contact  of  a phlogiftic  fubftance. 

With  refpedf  to  fufibility,  mercury  forms  one 
extreme,  as  it  fufes  in  the  ordinary  temperature 
of  the  atmofphere,  it  cannot  therefore  be  har- 
dened but  by  artificial  cold,  and  is  always  in  fu- 
fion,  always  fluid  ; the  reft;  follow  in  this  order: 
Tin,  bifmuth,  lead,  zinc,  antimony,  filver,  gold, 
arfenic,  cobalt,  nickel,  iron,  manganefe,  and, 
finally,  platina,  which  forms  the  other  extreme, 
as  it  fcarcely  fufes  but  in  the  focus  of  a burn- 
ing mirror ; all  thefe,  the  two  laft  excepted, 
yield  to  the  blow-pipe  without  any  additament. 
Forged  iron,  indeed,  is  not  melted  without  dif- 
ficulty, but  fufed  iron  perfe&ly. 

With  refpeft  to  fixity,  fome  fly  off"  all  alto- 
gether, others  are  partly  and  flowly  refolved  in- 
to fmoke. 

Metals  in  fufion  affeft:  a globular  form,  and, 
therefore,  eafily  roll  off  the  charcoal,  efpecially 
if  they  are  of  the  fize  of  a grain  of  pepper ; 
therefore,  either  finaller  pieces  fhould  be  ufed, 
or  they  fhould  be  placed  in  excavations  made 
in  the  furface  of  the  charcoal.  On  firft  fufing 
they  affume  a polifhed  furface,  an  appearance 

which 
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which  the  perfett  metals  always  retain : But  the 
imperfect  are  foon  obfcured  by  a calcined  pel- 
licle 5 for  the  furrounding  air  attrafts  the  phlo- 
gifton  with  great  avidity,  efpecially  when  affifted 
by  heat,  which  yet  alone  is  not  able  to  expel 
that  principle. 

The  colours  communicated  to  the  calxes  by 
fire  vary. 

Some  of  the  calxes  eafily  recover  their  metal- 
lic form  fimply  by  expofure  to  flame  upon  the 
charcoal ; others  are  reduced  in  this  way  with 
difficulty,  and  fome  not  at  all. 

The  reduced  calxes  of  the  volatile  metals  im- 
mediately fly  off. 

In  the  fpoon  they  exhibit  nitrous  globules ; 
but  it  is  very  difficult  to  prevent  them  from  be- 
ing firft  diffipated  by  the  blaft. 

With  Fluxes. 

The  metals  are  taken  up  by  the  fluxes  ; but, 
as  fal  fodm  yields  an  opaque  fphaerule,  we  ne- 
glect it. 

Globules  of  borax,  upon  the  addition  of  any 
metallic  calx,  diffolve  and  fufe  it,  and,  unlefs 
too  much  loaded,  appear  coloured  and  pellucid. 
A piece  of  metal  calcined  in  the  flux  produces 
the  fame  effect,  but  more  flowly. 
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A portion  of  the  calx  generally  recovers  its 
metallic  form,  and  floats  upon  the  furface,  like 
one  or  more  excrefcences. 

In  proportion  as  the  globule  is  more  loaded, 
it  more  readily  fpreads  upon  the  charcoal,  and 
at  length  cannot  be  formed  into  a globule ; for 
the  metallic  additament  increafes  the  attra&ion 
for  phlogifton. 

The  calxes  of  the  perfeft  metals  are  reduced 
by  borax  in  the  fpoon,  and  adhere  to  it  at  the 
point  of  contaft,  and  there  only. 

Ihe  microcofmic  fait  a£ts  like  borax,  but 
does  not  reduce  the  metals ; it  attacks  them 
more  powerfully  on  account  of  its  acid  nature ; 
at  the  fame  time  it  preferves  the  fphasrical  form, 
and  is  confequently  adapted,  in  a peculiar  man- 
ner, for  the  examination  of  metals. 

The  tinge  communicated  to  the  flux  frequent- 
ly varies,  being  different  in  the  fufed  and  the 
cooled  globule,  and  that  in  a double  and  alto- 
gether different  manner ; for  fome  of  the  dif- 
folved  calxes,  while  fufed,  fhew  no  colour,  but 
acquire  one  on  cooling  ; others,  in  the  ftate  of 
fluidity,  have  a much  more  intenfe  colour.  If 
too  great  a concentration  of  colour  injures  the 
tranfparency,  the  globule,  on  comprefling  it 
with  the  forceps,  or  drawing  it  out  into  a thread, 
will  exhibit  a thin  and  tranfparent  mafs ; but, 
if  the  opacity  arifes  from  fuperfaturation,  this 
artifice  will  not  ferve,  but  more  flux  muft  be 
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added.  No  metal,  unlefs  calcined,  communi- 
cates a tinge.  As  the  fluxes  attradl  the  metals 
with  unequal  forces,  thefe  laft  precipitate  one 
another. 

Metals,  mineralized  by  acids,  poflefs  the  pro- 
perties of  metallic  falts  ; and  thofe  loaded  with 
aerial  acid  that  of  calxes,  as  this  fubtile  men* 
flruum  is  eafily  expelled  without  any  effervef- 
cence ; but,  when  loaded  with  fulphur,  they 
poflefs  properties  of  a peculiar  kind.  They  may 
be  fufed,  nay  calcined,  upon  the  charcoal,  as 
alfo  in  a golden,  or  well  gilded  filver  fpoon. 
The  volatile  are  diftinguifhable  by  the  fmell  or 
fmoke,  the  fixed  refidua,  by  the  particles  redu- 
ced or  precipitated  upon  iron,  or  from  the  tinge 
of  the  fluxes.  We  fhall  now  examine  the  more 
fimple  cafes,  and  treat  of  the  more  complex  in 
another  work  ( 'h ). 

§ xxii.  Cold  in  a Reguline  State. 

Reguline  gold  fufes  upon  the  charcoal,  and 
is  the  only  one  which  remains  unchanged. 

Calcined. 

That  gold  may  be  deprived  of  its  phlogifton 
in  the  humid  way,  has  been  already  ihewn ; 

this 
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this  calx  may  be  reduced  by  fire  alone  (§xxi.); 
but  that  this  calcination  may  alfo  be  effeded  by 
fire,  is  leen  from  the  ruby-coloured  glafs,  which 
may  be  made,  even  by  the  blow-pipe,  in  the 
following  way  : 

To  a globule  of  microcofmic  fait  let  there  be 
added  a fmall  piece  of  folid  gold,  of  gold  leaf, 
of  purple  mineral,  or  (which  is  belt)  of  the 
cryftalline  fait  formed  by  a folution  of  gold  in 
aqua  regia  in  which  fea-falt  is  contained ; let 
this  be  again  fufed,  and  added,  while  yet  foft, 
to  turpeth  mineral,  which  immediately  grows 
red  on  the  warm  contad.  The  fufion  being 
afterwards  repeated,  a vehement  effervefcence 
arifes  ; when  this  is  considerably  diminiftied  let 
the  blaft  be  (lopped  for  a few  moments,  again 
begun,  and  fo  continued,  until  almoft  all  the 
bubbles  difappear.  After  this  fometimes  the 
fphaerule,  on  cooling,  afiumes  a ruby  colour  ; 
but  if  this  does  not  happen,  let  it  be  juft  made 
foft  by  the  exterior  flame,  and  upon  hardening 
this  tinge  generally  appears.  If  the  procefs 
fhould  fail  at  firft,  owing  to  minute  circumftances 
which  cannot  be  defcribed,  it  will  Succeed  on 
the  fecond  or  third  trial.  The  ruby-coloured 
globule,  if  comprefied  by  the  forceps  while  foft, 
often  becomes  blue  ; by  fudden  fufion  it  gene- 
rally afiumes  an  opal  colour,  which  by  refradion 
appears  blue  ; by  refledion,  a brown  red  : But 
if  further  urged  by  the  fire  it  lofes  all  colour, 

and 
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and  appears  like  water ; yet  the  rednefs  may  be 
re-produced  feveral  times,  by  the  addition  of 
turpeth  mineral. 

In  the  fame  way  the  flux  is  reddened  by  calx 
of  tin,  in  the  place  of  the  turpeth  ; but  it  has  a 
yellowilh  hue,  and,  befides,  more  eafily  contracts 
opacity.  The  rednefs  communicated  by  turpeth 
mineral  is  of  a purple  fort,  altogether  like  that 
of  a ruby. 

Borax  produces  the  fame  phenomena,  but 
more  rarely.  It  mult  alfo  be  obferved,  that  the 
flighted  variation  in  the  management  of  the  fires 
often  makes  this  experiment  fail. 

As  the  ruby  colour  may  alfo  be  produced  by 
copper  (§  xxvii.),  a doubt  may  arife,  whether 
it  be  the  gold,  or  the  remains  of  the  copper 
(which  cannot  be  completely  feparated  either 
by  antimony  or  nitre)  which  in  this  cafe  pro- 
duces the  red  colour  : But  it  is  not  improbable 
that  both  metals  may  occafion  the  fame  colour ; 
befides,  copper  is  often  found  to  contain  gold. 


Mineralized  Gold. 

Gold  cannot  be  diredly  united  with  fulphur ; 
but  by  means  of  iron,  whichattrads  both  Itrong- 
ly,  they  are  fometimes  found  united  into  a gold- 
en pyrites  : But  as  the  quantity  of  gold  is  very 
fmail,  a vifible  globule  can  fcarcely  be  extrac- 
ted 
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ted  by  fufion  and  fcorification  by  the  blow, 
pipe. 

I have  as  yet  had  an  opportunity  of  examin- 
mg  the  ore  of  Nagyay  only  imperfectly : Upon 
the  charcoal  it  fmokes  a little,  liquefies,  and 
finally  yields  a white  globule,  bright  like  filver, 
and  malleable  ; — a yellow  cloud  is  obferved  a- 
bout  it.  Borax  takes  it  up  without  efferves- 
cence or  tinge  ; but  microcofmic  fait,  with  ef- 
fervefcence,  and  of  a brownifh  red  ; but  by 
long  fuofin  the  tinge  is  difcharged,  and  cannot 
be  brought  back,  either  by  the  exterior  flame 
or  nitre.  A metallic  globule  like  the  former 
floats  in  the  flux. 

§ xxiii.  Plaiina. 

Native  grains  of  platina  do  not  at  all  yield  to 
our  fire,  either  alone  or  mixed  with  fluxes, 
which  yet  it  often  tinges  of  a green  colour  ; but 
platina,  precipitated  from  aqua  regia  by  vege- 
table or  volatile  alkali,  is  reduced  by  microcof- 
mic fait  to  a fmall  malleable  globule  j feven  or 
eight  of  thefe,  flattened  by  the  hammer,  I have 
been  able  to  bring  together  to  a malleable  mafs  ; 
but  more  only  yielded  a brittle  one.  Platina 
fcarcely  lofs  all  its  iron,  unlefs  reduced  to  very 
thin  fufion  ; hence  it  eafily  appears  how  difficult 
the  depuration  of  a large  mafs  muff  be. 

5 XXIV. 
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§ XXIV.  Silver , Reguline. 

Reguline  filver  eafily  liquefies,  and  refills 
calcination. 

Silver-leaf,  fattened  to  a thin  glafs  by  means 
of  the  breath,  or  a folution  of  borax,  may  eafily 
be  fixed  on  it  by  the  flame,  and,  what  is  remark- 
able, through  the  glafs  it  appears  of  a gold 
colour ; but  care  mull  be  taken  not  to  crack 
the  glafs. 

1 1 

* 

Calcined  Silver. 

Calcined  filver,  precipitated  from  nitrous  acid 
by  fixed  alkali,  is  eafily  reduced. 

The  microcofmic  fait  diffolves  it  quickly  and 
copioufly,  but  upon  cooling  it  grows  opaque, 
of  a whitifh  yellow,  which  is  alfo  fometimes  the 
cafe  with  leaf-filver  ; if  copper  be  prefent  it  is 
difcovered  by  a green  colour,  and  fometimes  by 
a ruby  tinge,  unlefs  we  rather  chufe  to  impute 
that  to  gold.  The  globules  can  fcarcely  be  got 
pellucid,  except  the  quantity  of  calx  be  very 
fmall,  but  with  borax  a longer  fufion  is  necefla- 
ry  to  obtain  an  opacity. 

The  globule  loaded  with  difiolved  filver,  du- 
ring fufion  in  the  fpoon,  covers  a piece  of  copper 
added  to  it  with  filver,  and  becomes  itfelf  of  a 
pellucid  green  : antimony  fpeedilv  takes  away 
Vol.  II.  K k the 
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the  milky  opacity  of  diffolved  luna  cornea,  and 
feparates  the  filver  in  diftinft  grains.  Cobalt 
and  moft  of  the  other  metals,  alfo  precipitate 
filver  in  the  fame  way  as  by  the  humid  method, 
i.  e.  a double  ele&ive  attra&ion  takes  place. 
The  metal  to  be  diffolved  remains  untouched  fo 
long  as  it  retains  all  its  phlogifton  ; but  is  ta- 
ken up  when  a fu-fficient  quantity  of  that  prin- 
ciple has  ihifted  to  the  precipitate,  and  redu- 
ced it. 


Mineralized  Silver. 


Silver  mineralized  by  marine  and  vitriolic 
acid,  yields  a natural  luna  cornea,  which  upon 
the  charcoal  produces  a number  of  fmall  me- 
tallic globules  : It  diffolves  in  microcofmic  fait, 
and  renders  it  opaque  : It  is  reduced,  at  lead 
partially,  by  borax. 

Sulphurated  filver  (the  glaffy  ore  of  filver) 
fufed  upon  the  charcoal,  eafily  parts  with  the 
inineralizing  fubftance  ; fo  that  a polifhed  glo- 
bule is  often  produced,  which,  if  neceffary,  may 
be  depurated  by  borax  : The  filver  may  alio  be 
precipitated  by  the  addition  of  copper,  iron,  or 
manganefe. 

If  arfenic  be  alfo  prefent  (as  in  the  red  ore  of 
filver)  it  muff  be  fir  ft  freed  from  the  fulphur 
by  gentle  roafting  ; and  finally  entirely  depura- 
ted by  borax  : It  decrepitates  at  firft. 
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Copper,  together  with  fulphur  and  arfenic, 
mixed  with  filver  (the  white  ore  of  filver)  yields 
a regulus  containing  the  fame  alloy. 

Lead,  loaded  with  fulphur  and  filver  (galena) 
is  to  be  freed  in  the  fame  wray  from  the  fulphur, 
after  which  the  lead  is  gradually  difiipated  by 
alternately  fufing  and  cooling,  or  is  feparated 
in  a cupel  from  the  filver,  by  means  of  flame. 
In  galena  I have  not  yet  been  able  to  precipitate 
the  filver  diftindt  from  the  lead,  but  the  whole 
mafs  becomes  malleable  : The  fame  is  true  of 
tin,  but  the  mafs  is  more  brittle. 

§ xxv.  Mercury. 

Pure  mercury  upon  the  charcoal  flies  oft  by 
a moderate  heat,  the  fixed  heterogeneous  matters 
(if  any  there  be)  remaining  behind. 

When  calcined  it  is  eafily  reduced  and  difii- 
pated  : The  fluxes  take  it  up  with  efiervefcence, 
but  it  is  foon  all  driven  oft'. 

I have  never  yet  had  an  opportunity  of  exa- 
mining mercury  naturally  mineralized  by  acids, 
but  this  is  undoubtedly  volatile.  When  loaded 
with  fulphur  it  liquefies  upon  the  charcoal, 
fhews  a blue  flame,  fmokes,  and  gradually  dis- 
appears ; but  if  cinnabar  be  expofed  to  the  blow- 
pipe upon  poliflied  copper,  the  mercurial  glo- 
bules are  fixed  all  around. 
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§ xxvi.  Lead , reguline  and  calcined. 

As  the  imperfedt  metals  are  eafily  calcined, 
we  fhall  confider  lead  under  the  two  forms,  •viz. 
reguline  and  calcined. 

Lead  readily  fufes,  and  continues  for  fome 
time  to  retain  a metallic  fplendour  j by  a more 
intenfe  heat  it  boils  and  fmokes ; hence  a yel- 
low circle  is  formed  upon  the  charcoal.  It  com- 
municates a fcarce  vifible  yellow  colour  to  flux- 
es : and  when  the  quantity  is  large,  the  globule, 
on  cooling,  contradts  a white  opacity  more  or 
lefs  perfect : When  diflolved  it  is  not  precipita- 
ted by  copper.  The  metals  do  not  precipitate 
jt  from  fulphur  in  the  fame  order  as  from  acids. 

Lead  united  to  aerial  acid,  on  the  firfl  touch 
of  the  flame  grows  red  ; when  the  heat  is  en- 
creafed  it  flows,  and  is  reduced  to  numberlefs 
minute  globules.  When  united  with  phof- 
phoric  acid  it  fufes,  and  yields  an  opaque  glo- 
bule, but  is  not  reduced.  With  fluxes  it  (hews 
the  fame  habits  as  calx  of  lead. 


Mineralized  Lead. 

Sulphurated  lead  (galena)  eafily  liquefies,  and 
being  gradually  deprived  of  the  volatile  part, 
•yields  a diftindt  regulus,  unlefs  too  much  load- 
ed 
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ed  with  iron.  It  may  be  precipitated  by  iron 
and  copper. 

§ xxvn.  Copper , regtiline  and  calcined 

A fmall  piece  of  copper,  either  folid  or  folia- 
ted,  fommetimes  communicates  a ruby  colour 
to  fluxes,  efpecially  when  aflifled  by  tin  or 
turpeth  mineral  (§  xii.)  : If  the  copper  be  a 
little  more  or  a little  further  calcined,  it  pro- 
duces a green  pellucid  globule,  the  tinge  of 
which  grows  weaker  by  cooling*  and  even  ver- 
ges to  a blue.  By  long  fufion  with  borax  on 
the  charcoal  (but  hardly  in  the  fpoon)  all  the 
colour  is  at  length  deftroyed*  and  can  fcarcely 
be  re-produced  by  nitre,  but  this  colour  remains 
fixed  with  microcofinic  fait.  If  the  calx,  or 
metal  to  be  calcined,  during  fufion  is  added  in 
confiderable  quantity,  upon  cooling  it  acquires 
an  opaque  red,  although,  while  fufed,  it  is  pel- 
lucid and  green  ; by  a ftill  larger  quantity  'it 
contracts  opacity,  even  while  in  fufion,  and  up- 
on cooling  a metalic  fplendour.  Veftiges  of  cop- 
per, fo  faint  as  fcarcely  to  tinge  the  flux,  preci- 
pitate a vifible  pellicle  upon  a piece  of  polifhed 
iron  added  to  it  during  itrong  fufion,  and  the 
globule  in  its  turn  takes  the  colour  of  iron  : In 
this  way  the  fmallelt  portions  of  copper  may  be 
difcovered. 
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The  globule  made  green  by  copper,  fufed  in 
the  fpoon  with  a fmall  piece  of  tin,  until  the 
colour  is  discharged,  yields  a fphaerule  of  tin, 
mixed  with  copper,  very  hard  and  brittle : In 
this  cafe  the  precipitated  metal  pervades  the 
whole  of  the  mafs,  and  does  not  adhere  to  the 
furface. 

Cobalt  precipitates  the  calx  of  copper,  dif- 
folved  in  the  fpoon  by  flux,  in  a metallic  form, 
and  imparts  its  own  colour  to  glafs,  which  nic- 
kel cannot  do.  Zinc  alfo  precipitates  it  Sepa- 
rately, and  rarely  upon  its  own  furface,  as  its 
fufion  can  fcarcely  be  avoided. 

Mineralized  Copper. 

Copper  loaded  with  aerial  acid,  at  the  firfl 
touch  of  the  flame  grows  black,  and  fufes  in 
the  fpoon : On  the  charcoal  the  lower  part, 
which  touches  the  ignited  Support,  is  reduced. 

When  loaded  with  a Superabundance  of  ma- 
rine acid  it  tinges  the  flame  (§  xiv.)  j but 
with  a fmall  quantity  it  Shews  in  that  way  no 
appearance  of  the  metal.  Thus  the  beautiful 
cryftals  of  Saxony,  which  are  cubic,  and  of  a 
deep  green,  do  not  tinge  the  flame ; they  im- 
part to  microcofmic  fait  a pellucid  greennefs. 
I could  not  obtain  with  that  fait  an  opaque  red- 
nefs,  although  this  colour  is  eafily  produced  in 
a globule  qf  borax. 

Copper 
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Copper  limply  fulphurated,  (alhen  ore  oi 
copper)  when  cautioufly  and  gently  roalled  by 
the  exterior  flame,  finally  by  fufion,  yields  a re- 
gulus  furrounded  by  a fulphurated  cruft ; the 
mafs,  roafted  with  borax,  feparates  the  regulus 
more  quickly. 

When  iron  is  prefent,  but  in  ftnall  quantity* 
the  piece  to  be  examined  muft  be  firft  roafted ; 
let  it  then  be  diflolved  in  borax,  and  tin  added 
to  precipitate  the  copper.  The  regulus  may 
alfo  be  obtained  by  fufficient  calcination  and 
fufion,  even  without  a precipitant,  unlefs  the 
ore  be  very  poor. 

When  pyrites  contain  copper,  though  lefs 
than  0,01  of  their  weight,  yet  its  prefence  may- 
be dete&ed  by  thefe  experiments  in  fmall  : Let 
a grain,  the  fize  of  a flax  feed,  be  roafted,  but 
not  fo  much  as  to  expel  all  the  fulphur  ; let  if 
be  then  well  diflolved  by  borax,  a polilhed  rod 
of  iron  added,  and  the  fufion  continued  until 
the  furface,  when  cooled,  lofes  all  fplendour. 
So  much  borax  is  required  as  will  be  fufficient 
to  make  the  whole  of  the  fize  of  a grain  of 
hemp-feed.  Slownefs  of  fufion  is  injurious,  and 
by  too  great  tenuity  the  precipitation  is  retard- 
ed ; this  may  be  corre&ed  by  the  addition  of  a 
little  lime : Too  much  calcination  is  inconve-*. 
nient ; for  by  this  the  globule  forms  flowly,  is 
fomewhat  fpread,  becomes  knotty  when  warm* 
corrodes  the  charcoal,  deftroys  the  iron,  and  the 
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copper  does  not  precipitate  diftinCtly  ; — this  de- 
fect is  amended  by  a fmall  portion  of  the  crude 
ore. 

When  the  globule  is  properly  fufed,  as  di- 
rected, immediately  upon  flopping  the  flame 
let  it  be  thrown  into  cold  water,  in  order  to 
break  fuddenly  : If  the  cupreous  content  be  lefs 
than  0,01,  one  end  of  the  wire  only  is  covered 
with  copper,  which  otherwife  would  be  entirely 
covered. 

The  celebrated  Gahn,  who  has  examined 
copper  ores  with  peculiar  accuracy,  has  another 
method  of  difcovering  the  fmaller  traces  of  that 
metal ; namely,  a grain  of  the  ore,  well  freed 
from  fulphur  by  calcination,  is  expofed  to  the 
adtion  of  the  flame,  driven  fuddenly  upon  it, 
per  vices ; and  at  thefe  inflants  a cupreous  fplen- 
dour  appears  upon  the  furface,  which  otherwife 
is  black ; and  this  fplendour  is  the  more  quick- 
ly produced,  in  proportion  as  the  ore  is  poorer. 

Cupreous  pyrites,  on  roafting,  tinges  the  flame 
green. 

§ xxviil.  Iron , reguline  and  calcined. 

Forged  iron  is  calcined,  but  can  fcarcely  be 
fufed,  and  when  fufed  liquefies. 

Forged  iron  cannot  be  fufed  by  borax ; it 
fufes  in  microcofinic  fait,  but  is  rendered  brit- 
tle. 


Calcined 
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Calcined  iron,  by  heating  on  the  charcoal, 
becomes  magnetic — in  the  fpoon  it  fufes. 

The  fluxes  grow  green  with  this  metal ; but 
in  proportion  as  the  phlogifton  is  more  deficient 
they  grow  more  of  a brownilh  yellow : On 

cooling,  the  tinge  is  much  weakened ; nay, 
when  originally  weak,  entirely  vaniflies.  By 
too  much  faturation  the  globule  becomes  black 
and  opaque. 

The  fulphureous  pyrites  may  be  colle&ed  in- 
to a globule  by  fufion,  and  is  firft  furrounded 
by  a blue  flame ; but  as  the  metal  is  eafily  cal- 
cined, and  changes  into  black  fcoriae,  neither 
by  itfelf,  nor  with  fluxes,  does  it  exhibit  a regu- 
lus ; — on  roafting  it  grows  red. 


§ xxix.  Tin , reguline  and  calcined. 

Tin  eafily  liquefies,  and  is  calcined. 

The  fluxes  diflolve  the  calx  fparingly ; and, 
when  faturated,  contract  a milky  opacity. 
Some  flight  veftiges  of  this  metal,  diflolved  in 
any  flux,  may  be  diftin£Uy  precipitated  upon 
iron. 

Cryftallized  ore  of  tin,  urged  by  fire  upon 
the  charcoal,  yields  its  metal  reduced. 


§ XXX. 


OFTHEBLOW-PIPE, 


yz 

§ xxx.  Bifmuth,  reguline  and  calcined . 

Bifmuth  has  nearly  the  fame  habits  as  lead ; 
the  calx  is  reduced  upon  the  coal  j it  is  fufed  in 
the  fpoon. 

The  calx,  diflolved  in  microcofmic  fait,  yields 
a brownilh  yellow  globule,  which  grows  more 
pale  upon  cooling,  at  the  fame  time  lofing  fome 
of  its  tranfparency  : By  too  much  calx  a perfedt 
opacity  is  produced. 

A fimilar  mafs  is  obtained  with  borax  in  the 
fpoon ; but  on  the  coal  a gray  one,  which  can 
fcarcely  be  freed  from  bubbles.  On  fufion,  the 
glafs  fmokes,  and  forms  a cloud  about  it. 

Bifmuth  is  eafily  precipitated  by  copper  and 
iron. 


Mineralized  Bifmuth . 

Sulphurated  bifmuth  is  eafily  fufed,  exhibit- 
ing a blue  flame  and  a fulphureous  fmell.  Co- 
balt, when  added,  by  means  of  the  fulphur,  en- 
ters the  globule  ; but  the  fcoria  foon  fwells  into 
diftindt  partitions,  which,  further  urged  by  fire, 
exfudes  globules  of  bifmuth. 

Sulphurated  bifmuth,  by  the  addition  of  bo- 
rax, may  be  diftindtly  precipitated  by  iron  or 
manganefe. 


§ xxxi. 
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§ xxxi.  Nickel , reguline  and  calcined. 

The  regulus  of  nickel  fufed  is  indeed  cal* 
cined,  but  more  flowly  than  other  metals. 

The  calx  imparts  to  fluxes  an  hyacinthine 
colour,  which  on  cooling  grows  yellow,  and  by 
long  continued  fire  may  be  deftroyed ; if  the 
calx  of  nickel  is  contaminated  by  ochre  of  iron, 
the  latter  is  firft  diffolved.  Nickel  difiolved  is 
precipitated  on  iron,  nay  on  copper — an  evident 
proof  that  it  does  not  originate  from  either  of 
thefe  metals. 


Mineralized  Nickel. 

Sulphurated  nickel  is  no  where  found  with- 
out iron  and  arfenic  : The  regulus  is  obtained 
by  roafting,  and  fufing  with  borax,  though  it 
ftill  remains  mixed  with  fome  other  metals. 

§ xxxn.  Arfenic , reguline  and  calcined. 

Regulus  of  arfenic  kindles  by  a fudden  heat, 
and  not  only  depofits  a white  fmoke  on  the 
charcoal,  but  diffufes  the  fame  copioufly  all 
around.  The  calx  fmokes  with  a garlio odour, 
but  cannot  burn. 

By  a proper  quantity  the  fluxes  grow  yellow, 
without  opacity ; and  by  a long  continued  fire 

the 
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the  volatile  additament  is  difpelled.  Iron  and 
copper  precipitate  this  femi-metal  under  a me- 
tallic form,  which  gold  is  not  able  to  do. 

Yellow  arfenic  liquefies,  fmokes,  and  totally 
flies  off:  When  heated  by  the  exterior  flame, 
fo  as  neither  to  liquefy  nor  fmoke,  it  grows  red, 
and  again,  upon  cooling,  yellow  ; if  it  only  be- 
gins to  fufe,  it  acquires  a red  colour,  which  re- 
mains after  cooling.  Realgar  liquefies  more 
eafily,  and  is  befides  totally  dilfipated. 

I 

§ xxxiii.  Cobalt,  reguline  and  calcined. 

The  regulus  of  cobalt  fufes,  and  may  partly 
be  depurated  by  borax,  for  the  iron  is  firft  cal- 
cined and  taken  up.  The  fmalleft  portion  of 
the  calx  tinges  the  flux  of  a deep  blue,  which 
yet,  when  feen  by  refraction,  appears  violet : 
This  colour  is  very  pertinacious  in  the  fire. 
Cobalt  is  precipitated  upon  iron  from  the  blue 
globule,  but  not  upon  copper. 

When  calx  of  iron  is  mixed  with  that  of  co- 
balt in  a flux,  the  former  is  difiolved. 

Mineralized  Cobalt . 

Cobalt,  in  fufion,  takes  up  about  one  third 
of  its  own  weight  of  fulphur,  but  then  aflumes 
fo  refractory  a nature,  that  it  can  fcarcely  be 

fufed. 
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fufed.  Iron,  copper,  and  feveral  other  metals, 
precipitate  cobalt. 

The  common  ore,  by  roafting  and  fufion, 
yields  a regulus,  though  an  impure  one. 

The  green  cobalt,  which  I have  hitherto  ex- 
amined, tinges  the  microcofmic  fait  indeed  of  a 
blue,  but  at  the  fame  time  fhews  red  fpots  indi- 
cating copper. 

§ xxxiv.  Zinc , regnline  and  calcined. 

Fufed  zinc  takes  fire,  fending  forth  a lanugi* 
nous  white  calx,  which  foon  extinguifhes  the 
beautiful  bluifh  green  flame  j but  if  the  regu- 
line  nucleus,  included  in  this  lanuginous  mat- 
ter, be  urged  by  the  fire,  it  is  inflamed  now  and 
then,  but  flies  about,  and  as  it  were  explodes. 

When  added  to  borax,  it  excites  a fpumef- 
cence,  and  at  firft  tinges  the  flame ; it  conti- 
nually diminifhes,  and  the  flux  fpreads  upon 
the  charcoal : But  in  fufed  microcofmic  fait  it 
not  only  occafions  fpumefcence,  but  fends  forth 
feveral  flafhes,  with  a crackling  noife.  By  too 
great  heat  it  explodes,  fending  forth  ignited 
particles. 

The  white  calx,  expofed  to  the  flame  on  the 
charcoal,  puts  on  a yellowifh  fplendour,  which , 
when  the  flame  ceafes,  vaniflies — it  remains  fix- 
ed and  refractory.  The  fluxes  are  fcarcely  tin- 
ged, but  when  faturated  by  fufion,  on  cooling 
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grow  opaque  and  white.  Around  the  globules 
clouds  appear,  which  are  of  a nature  fimilar  to 
that  of  the  metallic  calx. 

Diffolved  zinc  is  not  precipitated  by  any  other 
metal. 

That  zinc  which  contains  aerial  acid  has  the 
fame  properties  as  calcined  zinc. 

In  the  pfeudo  galenas  fulphur  is  prefent  by 
means  of  iron.  Thefe  in  general  (upon  the 
charcoal)  fmell  of  fulphur,  fufe,  and  tinge  the 
flame  more  or  lefs,  depofiting  a cloud  all  a- 
round.  The  fluxes  difl'olve  ; thofe  which  have 
no  matrix  are  tinged  by  thofe  which  contain 
iron,  and  by  faturation  acquire  a white  opacity, 
which  verges  to  brown  or  black,  according  to 
the  variety  of  compofition. 

§ xxxv.  Antimony , reguline  and  calcined. 

Regulus  of  antimony,  fufed,  and  ignited  up- 
on the  charcoal,  affords  a beautiful  objefl  ; for, 
if  the  blaft  of  air  be  fuddenly  flopped,  a white 
fmoke  rifes  copioufly  and  perpendicularly,  while, 
in  the  mean  time,  the  inferior  part  round  the 
globule  is  condenfed  into  cryflalline  fpiculae, 
analogous  to  thofe  which  are  commonly  called 
argentine  flowers. 

The  calx  tinges  fluxes  of  an  hyacinthine  co- 
lour, but  on  fufion  fmokes,  and  is  eafily  difli- 
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pated,  efpecially  on  the  charcoal  j yet  it  alfo 
there  depofits  a cloud. 

The  diffolved  metal  may  be  precipitated  by 
iron  and  copper,  but  not  by  gold. 

Mineralized  Antimony. 

Crude  antimony  liquefies  upon  the  charcoal, 
fpreads,  finokes,  penetrates  it,  and  in  conclufion 
difappears  totally,  except  a ring  •which  it  leaves 
behind. 

§ xxxvi.  Manganefe , reguline  and  calcined. 

The  regulus  of  manganefe  fcarcely  yields  to 
the  flame ; for  a fmall  particle  is  eafily  calcined, 
and  a large  one  cannot  be  made  fufficiently  hot. 

The  black  calx  imparts  a bluilh  red  colour 
to  the  fluxes  ; the  tinge  of  borax,  unlefs  well 
faturated,  is  more  yellow.  The  colour  may  be 
gradually  altogether  deftroyed  by  the  interior 
flame,  and  again  re-produced  by  a fmall  par- 
ticle of  nitre,  or  the  exterior  flame  alone ; thefe 
changes  may  be  alternated  ad  libitum. — The 
caufe  of  this  is  elfewhere  explained. 

When  loaded  with  aerial  acid  it  is  of  a white 
colour,  which,  by  ignition,  is  foon  changed  to 
a black. — In  other  refpe&s  this  fliews  the  fame 
phaenomena  as  the  black  calx. 
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§ xxxvii.  Conclufion. 

From  what  has  been  faid  I think  it  apparent, 
that  the  blow-pipe  is  an  inftrument  extremely 
iifeful,  nay  neceffary,  to  chemifts  ; for  many 
experiments  are  daily  negle&ed,  lft,  Becaufe 
they  require  furnaces,  and  a large  apparatus  of 
vefiels ; — yet  many  of  thefe  may  eafily  be  per- 
formed by  means  of  the  apparatus  above  de- 
fcribed : 2d,  From  the  want  of  time  neceffary 
for  examining  in  the  ordinary  way  ; — whereas 
the  experiments  above  mentioned  may  be  finifh- 
ed  in  a few  minutes : 3d,  The  ufual  method  of 
examination  requires  a certain  quantity  of  the 
matter  to  be  examined,  which  prevents  the  ex- 
amination of  fuch  as  are  fcarce  or  dear ; — but 
in  our  way  the  fmalleft  particle  is  fufficient. 

However,  the  conveniences  now  defcribed, 
though  of  great  weight,  are  attended  with  this 
defeat,  that  they  do  not  determine  the  propor- 
tions, or  at  leaft  point  them  out  but  very  inac- 
curately, and  therefore  are  not  to  be  preferred 
to  the  larger  trials,  unlefs  when  time  or  other 
circumftances  prevent  them.  But  the  fir  ft  in- 
quiry to  be  made  is,  what  a fubftance  contains, 
not  how  much.  And  I have  learned,  by  the 
experience  of  many  years,  that  thefe  trials  in 
fmall  fuggeft  the  proper  method  of  inftituting 
experiments  at  large.  Thefe  experiments  have 

befides 


and  its  use. 


s*y 

defides  fome  advantages  over  thofe  conduced 
in  crucibles,  viz.  we  can  fee  all  the  phaenome- 
na  from  beginning  to  end,  which  wonderfully 
illuftrates  the  feries  of  operations,  and  their 
caufes  (§  xxi.  xxx. — xxxv.).  Experiments 

made  in  crucibles  are  often  fallacious,  as  the 
fubftance  of  the  velfel  itfelf  is  corroded.— We 
fuppofe  that  lime  or  magnefia,  melted  with  fix- 
ed alkali,  are  united  with  it  in  the  way  of  folu- 
tion;  but  the  globule,  when  well  fufed  in  the 
fpoon,  by  its  tranfparency  permits  us  plainly  to 
fee,  that,  except  the  filiceous  part,  it  is  only 
mechanically  mixed  (§  xvi.j.  The  moft  intenfe 
degree  of  heat  may  in  this  way  be  obtained  in  a 
few  minutes,  which  is  fcarcely  obtained  in  many 
hours  in  a crucible  (§  xm.  xxiii.). 

This  may  be  fufficient  for  the  commendation, 
of  the  blowpipe  j— thofe  who  ufe  it  will  gra- 
dually difcover  more  of  its  valuable  properties. 
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